Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


All 


/ 


JV 


y 


=1 


^ 


w 


s» 


l>oc^Y 


THE  SOCIETY  OF   AMERICAN  FORESTERS 


4 


OFFICERS  AND  COMMITTEES  FOR  1912 


I're9ident,  Henbt  B.  Qkayeb 

Vice-Presidentf  Wiluam  B.  Grexley 

Secretary,  Earl  H.  FBOXHiifGHAif 

Treasurer,  Samuel  T.  Dana 


EXECUTIVE  OOlililTTEE 


BL.   F-  Bakeb 


R.  S.  Kellogo 


GlFTOBD  PUfOHOT 


O.  W.  Pmce 


E.  A.  Stebung 


• 

1 


Jw-' 


OOlf IflTTKB  ON  ADMISSIONS 

H.  H.  Gbapman 

E.  O.  Cheynky 

B.  H.  Clafp 

F.  W.  Reed 


H.  F.  Weiss 


COMMITTEE  ON  MEETINGS 


W-  L-  Hall 


J.  G.  Peters 


G.   B.   SUDWORTH 


EDITORIAL  BOARD 


W.  T.  Cox 
B.  R  Fernow 
W.  B.  Greeley 


Raphael  Zon,  Editor-in-Chief 

A.  F.  Hawks 
F.  Q.  Milt^er 
O.  W.  Price 


F.  A.  SiLcox 
J.  W.  Toumey 


jr- 


I 


t 


MISSOULA  SECTION 


Chairman^  F.  A.  Silcox 


Secretary,  R.  Y.  Stuart 


F.  A.  Silcox 


executive  committee 


R.  Y.  Stuart 


E.  Koch 


ofucb  or  the  society 
Atlantic  Building,  Washington,  D.  0. 


WASHnroToif,  d.  o. 

PBESS  OF  JUDD  A  DETWEILBB»  INO. 

1912 


I 
I 


CONTENTS  OF  VOLUME  VII,  No.  1 


CONTENTS 

Pag« 
Officers  and  Coramltteefi  for  1912 1 

Progi*aiii  of  Meetings 4 

Annual  Report  of  the  Secretary 5 

Annual  Report  of  the  Treasurer 9 

Methods  for  Regulating  the  Cut  on  National  Forests 11 

Barrinffton  Moore 

Parasitism  of  Phoradendron  Junliierinum  Lit)ocedri  Rngelm 35 

E.  P,  Meinecke 

National  Forest  Sales  on  the  Pacific  Coast 42 

W.  B,  Oreeley 

The  Relation  of  Soil  Acidity  to  Plant  Societies 61 

Arthur  W,  Sampson 

Timber  Bonds. 58 

Edward  A.  Braniff 

The  Catalpa  Sei>tuni :  A  Factor  in  Distinguishing  Hardy  Cataltm 80 

William  H.  Lamb 

Chnparral  Areas  on  the  Sisltiyou  National  Forest 82 

H.  E.  Haefner 

Tse  of  Soil  Fungicides  to  Prevent  Danii)ing-Off  of  Caiiifei-ous  Seedlings. . .     9C 
Carl  Hartley 

Results  of  Cuttings  on  the  Minnesota  National  Forest  Under  the  Morris 

Act  of  1902 100 

Raphael  Zon 

Silvlcultural  Systems  of  Management  for  Central  Rocky  Mountain  Forests.  106 
Carlos  O.  Bates 

Seed  Production  and  How  to  Study  It :  Discussion 117 

8.  T.  Dana,  Bristoir  Adams,  C.  R.  Tlllotscm,  and  Raphael  Zon 


WASHINGTON,   D.  C. 

PUBLISHED  BY  THE  SOCIETY 
Mabch  1,  1912 


Copies  of  the  Proceedings  may  he  obtained  from  the  Secre- 
tary for  50  cents  each  number. 


PROGRAM  OF  MEETINGS 


1911 
January    12.  Opeu   meeting.     Tropical   Woods   as   Substitutes   for   Northern 

Ck>nlfer8.    H.  M.  Ourran. 

February    2.  Executive  Meeting. 

February    9.  Open   Meeting.    The  Rise  of  Forestry   in   the  United   States. 

Gifford  Pinchot 

February  22.  Open  Meeting.    Personal  Recollections  of  a  Forester.    Gifford 

Pinchot 

March         2.  Executive  Meeting. 

April  13.  Open  Meeting.    What  Kind  of  Forest  Management  Pays  Best? 

T.  8.  Woolsey,  Jr. 

April         20.  Open  Meeting.    Better  Methods  of  Fire  Control   W.  B.  Greeley. 

November  29.  Open  Meeting.     Some  Observations  on  Alaska.   Gifford  Pinchot 

December  14.  Open  Meeting.    The  Indirect  Influence  of  Forests  in  the  Light 

of  Recent  Investigations.    Raphael  Zon. 

December  28.  Open  Meeting.    The  Forestry  Problem  in  Canada.    B.  E.  Fer- 

now. 


(4) 


PROCEEDINGS 

OF 

THE  SOCIETY  OF  AMERICAN  FORESTERS 


The  Society  is  not  respongible,  ax  a  body,  for  the  facts  and 
opinions  advanced  in  the  papers  published  by  it. 


Vol.  VII  1912  No.  1 


REPOBT  OF  THE  SECRETAEY  FOR  THE  YEAR  ENDING 

DECEMBER  31,  1911 
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Membership  Roll 

Sixty-nine  active  and  five  asBociate  memberB  were  elected  during  the 
year.  The  death  of  one  active  and  one  associate  member,  the  resigna- 
tion of  two,  and  the  dropping  of  five  active  members  make  the  total 
present  membership  263,  divided  as  follows : 

AcUve   213 

Associate 49 

Honorary   1 

263 

The  following  list  shows  the  changes  in  number  of  active  members 
during  the  last  three  years : 

Changes  in  Active  Membership,  1900-1911,  Inclusive 

Active  membership  December  31,  1908 130 

Elected,    1909 18 

"         1910 11 

**         1911 69 

228 
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Resigned,  1909,  B.  T.  Allen,  G.  L.  Clothier ;  1910,  Dr. 
Rothrock;  1911,  C.  G.  Crawford  and  R.  G.  Wil- 
son         5 

Deceased,  1909,  W.  W.  Clark;   1910,  L.  C.  Miller; 

1911,  F.  J.  Phillips 3 

Dropped  for  non-payment  of  dues,  1911,  R.  W.  Ayres, 
R.  E.  Benedict,  C.  S.  Chapman,  H.  B.  Eastman, 
and  Douglas  Rodman 5 

Declined  membership,  1911 2 

Active  membership  December  31,  1911 213 


228 


The  active  membership  of  the  Society  is  distributed  geographically  as 
follows : 

District  of  Columbia  (and  Maryland) 33 

Northeastern  States 

Maine 2 

New  Hampshire 3 

Vermont  '  1 

Massachusetts 8 

Connecticut  7 

New  York 6 

Pennsylvania 9 

New  Jersey  3 

39 

Southeastern  States 

North  Carolina 2 

Georgia    1 

Florida 2 

5 

Lake  States 

Michigan   3 

Illinois    1 

Wisconsin 6 

Minnesota    5 

15 

Central  States 

Iowa  1 

Missouri    1 

Arkansas   1 

South  Dakota 2 

Nebraska   1 

Kansas  1 

Oklahoma  1 
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Northern  Rocky  Mountains 

Montana   11 

Idaho 6 

16 

Central  Rocky  Mountains 

Colorado   11 

Utah  6 

16 

Southwestern  States 

Arisona   6 

New  Mexico 11 

16 

North  Coast  States 

Washington  8 

Oregon  16 

24 

Callfbmla  and  Nevada 25 

U.  S.  Possessions 

Philippine  Islands 6 

Hawaii 2 

Alaska 2 

10 

Canada  6 

218 

Important  Constitutional  Changes 

Two  amendments  were  adopted  and  incorporated  in  the  Constitution 
as  Articles  VII  and  VIII.  Article  VII  provides  for  the  affiliation  with 
the  Society  of  local  forestry  associations  or  clubs,  two  or  more  members 
of  which  are  active  members  of  the  Society.  Article  VIII  provides  for 
the  establishment  of  sections  of  the  Society  upon  petition  of  ten  or  more 
active  members.  These  articles  were  adopted  by  a  vote  of  71  to  17  and 
87  to  4,  respectively.  Steps  were  taken  toward  the  organization  of  a 
section  at  Missonla,  and  a  formal  petition  and  by-laws,  signed  by  eleven 
active  members,  was  submitted  and  ratified  by  the  Executive  Committee 
February  15,  1912. 

Important  Business 

A  committee  was  appointed  to  consider  a  plan  of  "new  work,"  whereby 
the  Society  should  undertake  to  formulate  definite  views  on  certain 
broad  questions  relating  to  forestry.  The  report  of  this  committee  was 
published  in  Vol,  VI,  No.  1,  of  the  Proceedings. 
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Publication  of  Proceedings 

During  the  year  the  Society  has  issued  Numbers  1  and  2  of  Volume  6. 
As  compared  with  previous  years,  the  Proceedings  included  a  larger 
number  of  papers,  covering  a  wider  field.  With  a  total  of  270  pages, 
they  also  exceeded  in  actual  size  any  previous  volume  of  the  Proceedings, 
and  this  in  spite  of  the  fact  that,  owing  to  a  change  in  the  paper  and 
type,  one  page  of  the  Proceedings  now  contains  at  least  as  much  as  one 
and  one-third  pages  of  the  Proceedings  of  previous  years. 

Since  relatively  few  of  the  members  of  the  Society  are  now  resident 
at  Washington,  special  effort  has  been  made  to  secure  and  include  papers 
which  were  not  delivered  before  the  Society  at  its  Washington  meetings. 
In  this  way  the  Proceedings  will  gain  a  broader  value  and  serve  as  a 
better  means  of  unifying  the  Society.  The  Proceedings  as  they  have 
appeared  within  the  last  two  years,  therefore,  are  really  not  Proceed- 
ings in  the  sense  that  the  published  papers  were  those  which  had  actually 
been  delivered  at  the  meetings,  but  constitute,  as  they  should,  the  official 
organ  of  the  Society  for  expressing  the  ideas  of  its  members. 

A  new  policy  introduced  within  the  last  year  is  the  publication  in  the 
Proceedings  of  the  annual  reports  of  the  Secretary  and  Treasurer  and 
those  of  important  special  committees.  By  this  means  the  members  will 
be  kept  informed  of  the  activities  of  the  Society.  Another  departure  is 
the  reprinting,  for  sale  by  the  Society,  of  certain  papers  which  appear  in 
the  Proceedings.  The  bibliography  on  the  Appalachian  region  which 
was  published  in  Vol.  VI,  No.  2,  was  reprinted  in  pamphlet  form,  and 
can  be  bought  for  25  cents  a  copy.  The  article,  "Better  Methods  of  Fire 
Control,''  by  W.  B.  Greeley  (Vol.  VI,  No.  2),  was  reprinted,  and  1,500 
copies  were  purchased  by  the  Forest  Service  for  distribution  to  Forest 
Rangers. 

In  spite  of  the  fact  that  the  Society  has  no  exchange  list  of  any  kind 
and  no  announcement  is  made  of  the  appearance  of  the  Proceedings, 
they  are  becoming  more  and  more  known  among  people  interested  in 
forestry.  There  is  now  a  mailing  list  of  65  regular  subscribers,  exclu- 
sive of  the  Forest  Service,  which  purchases  approximately  165  copies  of 
each  issue  for  its  field  libraries. 

Deceased 

During  the  year  the  Society  lost  by  death  two  members,  one  active  and 
one  associate.  Prof.  F.  J.  Phillips  died  February  13,  at  Lincoln,  Ne- 
braska, and  Prof.  W.  R.  Dudley  on  June  4,  in  California. 

E.  H.  Fbothingham, 

Secretary. 
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ReoeipU 

Balance  from  previous  Treasurer $623.86 

Annual  dues  727.00 

Sale  of  Proceedings 281 .25 

Interest  on  bank  deposit 15.11 

Refund    of    expenses    of    representative    oa    Washington 

Academy  of  Science  excursion  to  Dismal  Swamp 7.50 

Refund  of  overcharge  by  Pennsylvania  Railroad .05 


Disbursements 

Printing  of   Proceedings $005.09 

Miscellaneous  printing  and  stationery 129.45 

Typewriting    12.00 

Postage    41 .08 

Freight  and  express 2.61 

Rent  of  Cosmos  Club  hail 0.00 

Flowers  for  F.  J.  Phi]lli)s*  funeral 17. 13 

Expenses  of  representative  on  Washington  Academy  of  Sci- 
ence excursion  to  Dismal  Swamp 7.50 

Refund  of  overpayment  for  Proceedings 1 .25 

Rubber  stamp  for  Treasurer .30 

$822.41 

Balance  on   hand 832.35 


Assets 

Cash   on   hand $832.35 
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LiabUities 

Contribution  to  Forest  bibliography  to  be  published  by  the 
International  Association  of  Forest  Experiment  Stations.  $126.00 

Reprint  of  Appalachian  bibliography  from  Vol.  VI,  No.  2, 
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Printing— Byron  S.  Adams 13.00 

.     $188.00 

Excess  of  assets  over  liabilities $1,383.35 
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Treasurer. 
Examined  and  found  correct: 
Clyde  Leavitt, 
W.  W.  Ashe,. 

Atiditing  Committee. 

Febbuabt  1,  1912. 


METHODS  FOR  REGULATING  THE  CUT  ON  NATIONAL 

FORESTS 

BY  BABBINGTON  MOOBE 

■ 

Delivered  before  the  Society  January  11,  1912 

In  a  paper  which  appeared  in  the  last  number  of  the  Proceedings 
the  ^'Essentials  of  Working  Plans  for  National  Forests"  were  treated 
in  a  very  general  and  brief  way ;  at  the  same  time  a  promise  was  made 
that  the  salient  points  would  be  taken  up  more  in  detail  in  later  papers. 
The  Divisions  of  Area  in  Working  Plans  was  discussed  in  the  Forestry 
Quarterly  for  September,  1912.  The  Methods  for  Regulating  the  Cut 
on  National  Forests  will  be  treated  in  the  present  paper. 

7.  Importance  of  Sound  Silviculturai  Methods 

First  of  all,  the  importance  of  sound  silviculturai  methods  of  cutting 
should  be  emphasized.  These  methods  are  not  at  all  dependent  on 
regulation  of  the  cut;  they  can  be  applied  where  there  is  no  regulation 
whatever.  On  the  other  hand,  it  is  possible,  and  has  sometimes  been 
done  in  other  countries,  to  regulate  the  cut  in  such  a  way  as  to  secure  an 
equal  annual  or  periodic  sustained  yield  without  first  obtaining  a  thor- 
ough understanding  of  the  silviculturai  requirements  of  the  tree  and  of 
the  methods  of  cutting  best  adapted  to  securing  its  maximum  produc- 
tion. In  this  case  an  equal  sustained  yield  is  obtained  for  most  or  the 
whole  of  the  first  rotation,  but  the  productive  capacity  of  the  forest  is 
steadily  lowered.  This  is  manifestly  poor  policy.  A  thorough  under- 
standing of  the  silviculturai  requirements  of  the  different  trees  and  of 
the  methods  of  cutting  which  will  result  in  a  maximum  production  of 
the  most  valuable  ones  is  the  first  essential.  In  the  long  run  it  is  gener- 
ally far  better  to  have  over-cutting  under  proper  silviculturai  methods 
than  to  have  a  perfect  regulation  of  the  cut  with  poor  methods  of  silvi- 
culture. 

77.  Object  of  Regulation  and  Where  Necessary 

The  object  of  regulation  is  to  secure  an  equal  or  approximately  equal 
annual  or  periodic  sustained  yield  of  material  from  the  forest.  This  is 
not  at  all  necessary  in  some  cases  and  essential  in  others.     In  general 
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the  conditions  under  which  sustained  yield  is  not  necessary,  and  those 
under  which  it  is  essential  are  as  follows : 
a.  Sustained  yield  is  not  necessary. 

1.  Where  the  community  forming  the  natural  market  for  the  timber 
is  not  dependent  on  National  Forest  material — ^that  is,  where  material 
can  be  brought  in  from  outside  as  cheaply  as  it  can  be  produced  locally. 
For  instance,  let  us  suppose  the  local  market  to  be  situated  on  a  rail- 
road, to  be  small,  using  only  2,000  M  feet  per  year;  and,  furthermore, 
let  us  suppose  that  the  region  tributary  to  this  market  is  capable  of 
giving  a  sustained  yield  of  but  4,000  M  feet,  and  is  moderately  difficult 
to  log.  In  this  case  it  will  cost  just  as  much,  and  sometimes  even  more, 
for  small  operations,  cutting  only  2,000  to  4,000  M  feet  per  year,  to  put 
their  lumber  on  the  local  market  than  it  would  to  bring  the  lumber  in 
by  rail  or  water  from  some  larger  operation  where  it  is  produced  more 
cheaply.  The  solution  will  here  be  occasional  large  sales  followed  by 
periods  of  inactivity. 

Even  here  sustained  yield  will  be  safer  because  of  the  danger  of  a 
discontinuance  of  the  larger  operations. 

2.  Where  there  is  no  local  market  for  the  timber,  and  not  likely  to  be 
one  for  many  years,  and  where  furthermore  the  possible  annual  sus- 
tained yield  is  too  small  to  warrant  the  building  up  of  a  community  de- 
pendent solely  on  lumbering.  Here  occasional  large  sales  creating  tem- 
porary communities  will  be  unavoidable. 

6.  Conditions  under  which  sustained  yield  is  essential. 

1.  Where  a  local  community  is  dependent  on  a  National  Forest  for  its 
supply  of  forest  products  (building  material,  fuel,  mine  props,  etc.). 
This  may  be  a  community  situated  away  from  a  railroad,  or  one  on  a 
railroad  where  the  freight  rates  are  so  high  that  lumber  brought  in 
costs  more  than  lumber  produced  locally. 

2.  Where,  although  the  product  itself  is  not  needed  for  local  con- 
sumption, there  is  a  conimunity  dependent  on  lumbering  for  a  means  of 
livelihood,  and  where,  furthermore,  the  supply  is  sufficient  to  give  sus- 
tained yield  under  operations  large  enough  to  secure  the  most  economical 
methods  of  logging. 

In  some  cases  sustained  yield,  however  desirable,  may  be  impossible 
of  attainment,  for  the  present  at  least.  For  example,  on  an  area  so  re- 
mote from  transportation  that  it  requires  an  expensive  railroad  or  flume 
to  open  up,  and  containing  so  little  timber  that  no  lumberman  would 
undertake  to  operate  in  it  unless  he  could  be  assured  of  securing  prac- 
tically the  entire  amount,  sustained  yield  cannot  be  brought  about  for  a 
felling  period,  or  perhaps  for  a  whole  rotation. 
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Eventually  some  form  of  regulation,  even  though  it  secure  a  yield 
separated  by  long  intervals^  which  will  none  the  less  be  sustained  yield, 
will,  it  is  hoped,  be  applied  to  all  National  Forests.  But  for  the  present 
only  on  those  Forests,  or  parts  of  Forests,  where  the  need  is  most  urgent, 
can  the  work  of  regulation  be  undertaken. 

III.  Unit  of  Regulation  or  Working  Circle 

The  unit  on  which  to  regulate  the  cut  for  the  purpose  of  obtaining 
sustained  yield  should  be  that  area  tributary  to  a  certain  market  or  out- 
let This  wiU  practically  always  be  a  main  watershed.  There  will  gen- 
erally be  several  such  areas  on  each  National  Forest.  When  the  adja- 
cent parts  of  two  Forests  form  such  a  unit  or  working  circle  these  parts 
(not  the  two  whole  Forests)  should  be  regulated  as  a  single  working 
circle.  Belts  of  protection  Forest,  in  which  no  cutting  is  to  be  allowed, 
should  be  included  in  their  proper  working  circle,  but  should  be  ignored 
in  the  regulation  of  the  cut.  Inaccessible  areas,  which,  however,  will 
become  accessible  in  the  first  rotation,  should  be  included  in  their  proper 
working  circle  and  considered  in  the  regulation  of  the  cut.  As  more 
intensive  methods  of  management  become  possible  the  unit  or  working 
circle  can  be  made  smaller,  to  depend  on  silvicultural  treatment  as  well 
as  upon  markets  or  outlets. 

Where  a  market  draws  on  a  large  territory,  such  as  several  National 
Forests,  it  will  be  advisable  to  split  up  this  territory  into  several  working 
circles  each  comprising  a  main  watershed  tributary  to  a  certain  outlet. 
But  each  working  circle  should  be  capable  of  yielding  a  permanent  sup- 
ply cut  under  sales  large  enough  to  permit  the  most  economical  methods 
of  logging.  In  this  way,  at  the  outlet  of  each  working  circle  contrib- 
uting its  quota  to  the  central  market  there  will  be  a  permanent  lumber- 
ing community.  If,  on  the  other  hand,  each  watershed  were  cut  off  in 
turn  there  would  be  a  single  large  but  transient  and  undesirable  com- 
munity instead  of  a  number  of  smaller  but  permanent  and  desirable 
ones.  The  unnecessarily  large  unit  also  has  disadvantages  from  a  purely 
silvicultural  point  of  view.  If  the  stand  is  even-aged,  it  results  in  two 
large  even-aged  blocks  subject  to  damage  by  wind,  fire^  or  insects;  and, 
by  rendering  it  impossible  to  promptly  utilize  the  over-mature  injured 
stands  which  need  immediate  cutting,  the  large  unit  causes  waste. 

In  subdividing  the  working  circle,  the  larger  subdivisions  should  gen- 
erally be  called  blocks.  These  can  later  be  subdivided,  as  the  manage- 
ment becomes  more  intensive,  into  compartments.  For  most  cases  at 
present,  however,  the  subdivision  into  blocks  will  suffice.     These  fifub- 
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divisions  should  be  coordinated  as  far  as  possible  with  the  administrative 
divisions  of  the  Forest. 

IV.  Methods  of  Regulation 

The  choice  of  a  method  of  regulation  must  depend  almost  wholly  upon 
the  kind  of  forest  and  the  silvicultural  system  called  for.  (a)  If  the 
forest  is  uneven-aged*  requiring  a  selection  system  (or  group  selection 
system)^  regulation  must  be  on  the  basis  of  volume  with  an  area  check, 
the  volume  determined  by  a  formula  or  by  straight  calculation;  or  on 
the  basis  of  number  of  trees,  with  an  area  check,  called  the  "single  tree 
method.'^  (b)  If  a  forest  is  even-aged  and  the  silvicultural  system 
called  for  is  a  form  of  clear  cutting  or  successive  regeneration  cuttings 
(the  shelterwood  compartment  system),  regulation  should  be  based  on 
area  with  a  volume  check  or  on  volume  with  an  area  check,  the  former 
being  preferable  wherever  possible.  In  this  kind  of  a  forest  formulae 
are  unnecessary  and  should  generally  be  avoided. 

If,  as  is  often  the  case,  a  single  working  circle  contains  both  even- 
aged  and  uneven-aged  forests,  the  method  of  regulation  will  be  based 
upon  the  kind  of  forest  from  which  most  of  the  yield  is  to  be  obtained. 
At  the  first  revision  of  the  plan  it  may  be  possible  to  do  away  with  the 
inconveniences  caused  by  this  makeshift  form  of  management  by  making 
each  of  the  two  kinds  of  forest  into  a  distinct  working  circle. 

The  methods  of  regulation  for  the  two  kinds  of  forests  are  as  follows : 

(a)  Regulation  for  Uneven-aged  Forests 

There  are  five  practicable  methods  of  regulating  the  3deld  in  uneven- 
aged  forests : 

1.  The  Austrian  formula. 

2.  Hundeshagen's  formula. 

3.  Von  Mantel's  formula. 

4.  The  French  method. 

5.  The  single  tree  method. 

1.  The  Austrian  formula. — This  formula  is  as  follows:  T  =  I-}- 
Gr-Gn 


^  A  forest  of  intolerant  trees  mads  up  of  small  even-aged  groups,  each  group 
representing  a  different  age  class,  should  be  considered  uneven  aged,  provided 
the  groups  are,  in  the  mahi,  small  enough  to  be  treated  as  single  trees. 
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Where: 

Y  =  annual  yield. 

I  =  annual  increment. 
Qr  =  real  growing  stock. 
Gn  =  normal  growing  stock.* 

X  =  number  of  years  within  which  to  distribute  the  surplus  (or 
deficit  as  the  case  may  be). 

The  principle  of  the  formula  is  that  the  annual  cut  will  remove  the 
normal  increment,  plus  or  minus  the  difference  between  the  real  and  the 

normal  growing  stock  represented  by  the  expression SZ-   If  the 

stand  contains  more  than  the  normal  growing  stock  this  surplus  will  be 
removed  in  as  long  or  as  short  a  period  as  desired,  represented  by  X  in 
the  formula.     If,  on  the  other  hand,  the  stand  contains  less  than  the 

normal  increment  the  expression  ^^ will  become  a  minus  quan- 
tity^ and  less  instead  of  more  than  the  increment  will  be  removed  till  a 
normal  growing  stock  has  been  obtained. 

The  normal  growing  stock  (Gn)  is  first  determined  by  the  formula 

IxR 

Gn=  — —  where  R  =  the  rotation.     This  will  give  a  growing  stock 

supposed  to  be  made  up  of  all  trees,  the  small  as  well  as  the  large.  If,  as 
is  almost  always  the  case,  the  real  growing  stock  (Gr)  is  made  up  of 
only  merchantable  trees  it  will  be  manifestly  unfair  to  compare  with  this 
real  growing  a  normal  growing  stock,  which  includes  the  small  as  well  as 
the  large  trees.  The  result  would  be  too  small  a  surplus  or  too  large  a 
deficit.  To  obtain  a  more  correct  surplus  or  deficit  a  normal  growing 
stock  which  includes  only  the  merchantable  trees  should  be  used.    This 

IxR 

can  be  found  by  substituting  for  R  in  the  expression   — -—  a  quantity, 

R',  equal  to  the  difference  between  the  age  of  the  merchantable  trees  and 
the  rotation.  For  example,  if  the  rotation  is  200  years,  and  trees  become 
merchantable  at  60  years,  the  growing  stock  of  merchantable  trees  neces- 

wy  to  leave  on  the  area  would  be  — - —  instead  of  — ir~~"  ^^>  ^  ^ 

often  necessary,  the  real  instead  of  the  normal  increment  ue  used,  the 
expression  will  still  not  give  the  correct  growing  stock.  In  most  virgin 
forests  the  increment  is  low  and  will  therefore  give  too  low  a  growing 
stock.    This  will  mean  too  high  a  surplus  or  too  low  a  deficit.    On  the 


*Tlils  growing  stock  Is  normal  only  If  the  Increment  (I)  is  normal. 
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other  hand  the  allowable  cut  of  increment  in  the  final  formula  will  be 
too  low  and  will  therefore  tend  to  counterbalance  the  high  cut  of  surplus. 
If  this  cut  of  surplus  is  distributed  over  a  fairly  long  period,  such  as  a 
quarter  or  third  of  the  rotation,  the  error  can  work  no  great  injury. 
When  the  increment  is  known  to  be  too  low  it  is  unwise  to  try  to  correct 
the  error  by  using  E  (the  whole  rotation)  instead  of  R'  (the  difference 
between  the  age  of  the  merchantable  trees  and  the  rotation).  The  whole 
rotation  will  give  a  growing  stock  which  is  actually  more  correct,  but 
mathematically  incorrect  and  hence  uncertain ;  it  may  be  too  large  or  too 
small.  It  will  also  give  too  low  a  cut  because  the  low  cut  of  increment 
iaa  the  final  formula  will  not  be  counterbalanced  by  a  high  surplus. 

The  great  advantage  of  the  Austrian  formula  is  its  elasticity.  The 
provision  for  distributing  the  surplus  or  deficit  over  as  long  or  as  short  a 
period  as  is  desired  makes  it  possible  to  be  very  radical  or  very  conserva- 
tive. To  be  on  the  safe  side  and  to  forestall  possible  errors  it  is  generally 
well  to  distribute  the  surplus  over  a  longer  period  than  is  actually  thought 
necessary.  Since  the  working  plan  must  be  revised  within  ten  or  twenty 
years  any  mistakes  which  the  formula  will  have  caused  one  way  or  the 
other  will  not  have  sufficient  time  to  do  material  harm. 

The  data  required  for  regulating  by  the  Austrian  formula,  in  addition 
to  the  maps,  forest  description  (by  watersheds),  silvical  data,  and  utili- 
zation data  (including  markets,  transportation,  and  logging  costs)  re- 
quired for  every  method  of  regulation  are : 

The  total  volume  (this  will  be  the  real  growing  stock). 

Growth  figures  (either  volume  growth  or  growth  in  height  and  diam- 
eter. If  only  growth  in  height  and  diameter  are  obtained,  a  volume  table 
must  be  secured  in  order  to  find  the  growth  per  cent). 

With  only  the  above  data  it  will  be  necessary  to  find  the  increment  by 
multiplying  the  total  volume  by  the  growth  per  cent.  Of  course,  this 
growth  per  cent  should  represent  the  growth  of  only  the  merchantable 
trees.  The  resulting  increment  will  be  too  low,  since  it  fails  to  take  into 
account  the  small  trees  not  included  in  the  estimate  of  volume  because 
below  merchantable  size.  The  error  will  give  too  large  a  surplus  growing 
stock,  but  will  be  counterbalanced  to  a  certain  extent,  as  indicated  above, 
by  too  small  a.  cut  of  increment. 

The  increment  can  be  obtained  more  accurately  if,  in  addition  to  the 
above  data,  the  following  be  secured : 

A  type  map. 

Figures  showing  the  area  (or  proportion  of  the  type)  occupied  by 
growth  below  merchantable  size. — These  can  be  obtained  by  sample  plots ; 
or,  if  a  strip  method  of  estimating  is  used,  the  tallyman  can  note  at  the 
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end  of  each  forty  what  per  cent  of  the  strip,  exclusive  of  blanks,  is  cov- 
ered with  growth  below  merchantable  size. 

The  increment  per  acre  of  this  young  growth, — This  can  be  found  by 
determining  the  number  of  merchantable  trees  per  acre  which  there  would 
be  if  the  stand  were  about  normally  stocked  (making  due  allowance  for 
natural  openings)  and  contained  no  other  age  classes.  The  volume  of 
such  a  stand  divided  by  the  average  age  of  merchantable  trees  will  give 
the  increment  per  acre  of  the  young  growth  below  merchantable  size. 

This  increment,  added  to  the  increment  of  the  merchantable  stand, 
will  give  a  close  figure  on  the  total  actual  increment  of  the  type.  To  find 
the  correct  growing  stock  of  merchantable  trees  this  increment  should  be 

multiplied  by  —  (half  of  the  difference  between  the  age  of  the  merchant- 

able  trees  and  the  rotation)  rather  than  by  half  of  the  rotation. 

The  increment  of  the  merchantable  trees  can  be  secured  a  little  more 
accurately  by  constructing  a  stand  table,  if  such  a  thing  is  possible,  than 
by  using  a  growth  per  cent. 

The  above  data,  with  a  stand  table,  can  be  made  to  give  the  normal 
increment.  This  is  obtained  by  eliminating  from  the  stand  table  the 
over-mature  and  50  per  cent  of  the  mature  trees  (determined  by  diam- 
eter), and  by  substituting  for  the  increment  of  the  eliminated  trees  that 
of  an  area  of  young  growth  equal  to  the  area  occupied  by  the  eliminated 
trees.    The  resulting  increment  will  be  the  nonnal  increment. 

2.  Hundeshagen's    formula. — This    formula    is    as    follows:   Yr  =. 

Grx^ 
Gn 

Where: 

Yr  =  real  yield. 

Gr  =  real  growing  stock. 
Yn  =  normal  yield  (or  normal  increment). 
Gn  =  normal  growing  stock. 

The  principle  of  the  formula  is  that  the  real  yield  must  bear  the  same 
relation  to  the  real  growing  stock  as  the  normal  yield  (or  normal  incre- 
ment) bears  to  the  normal  growing  stock.  It  tends  to  reduce  automatic- 
ally any  surplus  or  deficit  in  the  real  growing  stock;  but  if  the  normal 

I  X  R 
growing  stock  is  found  by  the  expression  -       -^  it  will  require  half  of 

the  rotation  to  do  so.    The  formula  will  give  the  same  result  as  the  Aus- 

T  X  R 
trian  formula  if  Gn  is  figured  by  - — -   in  both,  and  if  the  surplus  or 

deficit  in  the  Austrian  formula  be  distributed  over  half  of  the  rotation. 
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The  data  required  are  the  same  as  for  the  Austrian  formula. 

The  principal  disadvantage  of  Hundeshagen's  formula  (which  is  par- 
ticularly a  handicap  in  dealing  with  figures  known  to  he  subject  to  error) 
is  that  it  gives  no  latitude  in  the  choice  of  a  period  over  which  to  dis- 
tribute the  surplus  or  deficit.  The  formula  is,  therefore,  inferior  to  the 
Austrian  formula  and  will  not  be  of  great  use  except  as  a  check  upon 
results  obtained  by  other  methods. 

3.  Von  Mantel's  formula. — This  formula  is  as  follows:  Y  =  -— ' 

a  R 

Where: 

V  =  total  volume. 
B  =  rotation. 

This  formula  is  based  upon  the  same  principle  as  Hundeshagen^s  for- 
mula.    Only  in  this  one  the  growing  stock  is  considered  as  the  real  in- 

(I  X  R\ 
/ 

Hence  it  gives  the  same  result  as  Hundeshagen's  when  Qn  is  found  by 

T  X  R 

the  expression -,    It  also  gives  the  same  result  as  the  Austrian 

I  X  R 
formula  when  Gn  has  been  determined  by  ,  and  the  surplus  dis- 
tributed over  half  of  the  rotation.  If  R'  (the  difference  between  the 
merchantable  age  and  rotation)  is  used  in  Von  Mantel's  formula,  instead 
of  R,  the  yield  will  be  the  same  as  that  given  by  the  Austrian  formula 
in  which  6n  is  found  by  the  use  of  R'  and  the  surplus  distributed  over 

=^  years. 

The  great  advantage  of  Von  Mantel's  formula  is  that  it  requires  only 
the- total  volume  and  the  rotation,  and  can  therefore  be  used  with  rough 
data  to  which  the  other  formulae  cannot  be  applied.  It  tends  to  auto- 
matically reduce  any  surplus  or  deficit,  but  requires  half  of  the  rotation 
to  do  so.  Its  disadvantages  are  (1)  lack  of  elasticity,  in  that  it  does  not 
allow  the  exercise  of  judgment  in  distributing  the  surplus  or  deficit; 
(2)  it  gives  too  low  a  cut.  This  is  because  the  growing  stock  used  in 
the  formula  is  supposed  to  be  the  total  volume  on  the  area,  both  young 
growth  and  merchantable  trees.  But  since  in  practice  only  the  volume  of 
the  merchantable  trees  can  be  determined,  the  result  will  be  too  small. 
This  is  avoided  by  using  R'  instead  of  R,  where  it  can  safely  be  deter- 
mined. The  formula  will  be  of  great  value  in  regulating  the  cut  pro- 
visionally before  detailed  data  can  be  obtained,  and  in  checking  results 
obtained  by  other  methods. 
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Under  any  of  the  above  formulae  the  area  check  is  applied  as  follows : 
Divide  the  working  circle  into  blocks,  each  block  being  a  watershed  con- 
taining one  or  more  logging  units.*  Allot  a  certain  number  of  years 
for  the  cutting  of  each  block,  according  to  the  proportion  of  the  total 
volume  which  it  contains.  The  total  cut  over  the  whole  working  circle 
for  the  felling  period  will,  of  course,  be  the  yearly  increment  multiplied 
by  the  felling  period,  plus  the  surplus  or  minus  the  deficit  to  be  removed 
in  the  period. 

4,  The  French  method. — The  use  of  formulae  in  regulation  based  on 
volume  with  an  area  check  may  be  avoided  by  the  French  method  (in 
France  called  the  procedure  of  1883).  This  method  is  considered  better 
adapted  than  any  other  to  the  treatment  of  uneven-aged,  irregular  moun- 
tain forests.  It  presents  very  little  more  diflSculty  than  formulae  based 
on  ample  data. 

The  method  is  as  follows: 

The  data  required  are  the  same  as  given  above  for  the  Austrian  for- 
mula applied  by  means  of  a  stand  table.  But  instead  of  constructing  a 
stand  table  the  total  volume  of  each  diameter  class  should  be  deter- 
mined.  Some  figures  should  also  be  obtained  showing  the  number  of 
trees  of  the  diameter  desired  at  the  end  of  the  rotation  (exploitable 
diameter)  which  there  would  be  per  acre  in  a  normally  stocked  stand, 
if  no  other  age  classes  were  present.  Since  these  figures  must  be  taken 
in  the  field,  sometimes  before  the  exploitable  diameter  has  been  decided 
upon,  several  diameters  should  be  taken. 

When  the  desired  exploitable  diameter  has  been  decided  upon,  deter- 
mine from  the  growth  figures  the  number  of  years  necessary  to  produce 
this  diameter.  This  number  of  years,  lengthened  by  a  few  years  to 
allow  for  a  possible  delay  in  reproduction,  will  be  the  rotation. 

Divide  the  trees  shown  by  the  estimates  into  three  groups  as  follows: 

1st  group,  old  trees.  Those  containing  two-thirds  of  the  exploitable 
diameter  and  above ;  e.  g.,  if  the  exploitable  diameter  is  30^',  this  group 
would  contain  trees  between  20"  and  30". 

2d  group,  medium  trees.  Trees  having  a  diameter  falling  between 
one-third  and  two-thirds  of  the  exploitable  diameter;  e.  g.,  trees  between 
10"  and  20". 

3d  group,  young  trees.  Everything  with  a  diameter  less  than  one- 
third  of  the  exploitable  diameter. 


*Thls  division  into  blocks  should  be  made  before  the  calculation  of  the 
yield,  since  it  is  sometimes  advisable  to  make  the  calculation  separate  for  each 
block.  As  a  matter  of  fact  the  division  should  generally  be  made  in  the  field 
to  serve  as  a  basis  for  forest  description. 
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The  calculation  of  the  yield  is  based  on  groups  1  and  2,  and  is  made 
in  the  following  manner: 

Find  the  volume  of  each  of  the  first  two  groups.  Then  if  the  volume 
of  the  old  trees  is  to  that  of  the  medium  trees  as  5  is  to  3,  the  propor- 
tion of  the  two  groups  may  be  considered  normal.*  If  the  proportion  is 
normal  it  will  be  possible  to  cut  the  group  of  old  trees,  plus  their  incre- 
ment, during  the  first  third  of  the  rotation,  the  increment,  of  course, 
being  figured  for  only  half  of  the  third  of  the  rotation- 

But,  first  of  all,  it  is  necessary  to  ascertain  whether  or  not  the  volume 
as  a  whole  is  too  great  or  too  small.  This  is  done  by  finding  the  total 
volume  which  there  would  be  if  half  of  the  entire  area  were  covered  with 
trees  of  just  exploitable  size*  (not  of  very  large  mature  trees).  In  ob- 
taining this  volume  the  number  of  exploitable  trees  per  acre,  called  for 
above,  is  used.  The  result  should  be  approximately  equal  to  the  sum  of 
the  old  and  medium  trees.  If  the  result  is  less  the  forest  contains  a 
surplus;  if  more,  it  contains  a  deficit.  There  are  five  distinct  possi- 
bilities : 

(1)  The  volume  of  the  old  and  volume  of  the  medium  trees  may  be 
in  the  proportion  of  5 :  3,  and  sum  of  their  volumes  normal.  In  this 
case  nothing  further  is  necessary  before  the  actual  calculation  of  the  cut. 

(2)  The  volume  of  old  and  medium  trees  may  be  in  the  proportion  of 
5 :  3,  but  their  sum  less  than  normal.  In  this  case  it  will  be  necessary 
to  increase  the  growing  stock.  This  can  be  done  by  cutting,  during  the 
first  third  of  the  rotation,  only  the  old  trees,  without  their  increment, 
or,  if  the  area  is  very  badly  understocked,  by  cutting  less  than  the  old 
trees. 

(3)  The  volume  of  old  and  medium  trees  may  not  be  in  the  propor- 
tion of  5 :  3,  and  their  sum  nevertheless  normal.     This  is  adjusted  by 

transfers  from  the  group  which  is  too  large  to  that  which  is  too  small. 

♦  In  dealing  with  oiien  stands,  such  as  Western  Yellow  Pine  in  the  South- 
west, the  area  must  be  considered  as  fully  stocked  with  exploitable  trees,  but 
due  allowance  must  be  made  for  natural  openings  and  bare  places. 

(4)  The  volume  of  old  and  medium  trees  may  not  be  in  the  propor- 
tion of  5:3,  and  their  sum  less  than  normal.  This  will  probably  mean 
that  the  volume  of  old  trees  is  deficient,  and  must  be  increased  by  cut- 
ting less  than  the  otherwise  allowable  volume  of  old  trees. 

(5)  The  volume  of  old  and  medium  trees  may  not  be  in  the  propor- 
tion of  5 :  3,  and  their  sum  more  than  normal. 


♦  This  ratio  is,  of  course,  only  approximate ;  It  will  vary  with  the  length  of 
the  rotation,  the  conditions  of  growth,  and  the  species,  but  it  is  sufficiently 
exact  for  all  practical  purposes. 
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This  could  occur  only  with  an  excess  in  the  old  group.  To  correct 
this,  find  the  volume  of  old  trees  necessary  to  make  the  ratio  5 : 3  with 
the  volume  of  the  medium  trees,  and  which,  added  to  the  volume  of 
medium  trees,  will  give  a  normal  growing  stock.  The  difference  between 
this  volume  and  the  actual  volume  of  old  trees  is  surplus.  This  surplus 
must  generally  be  removed  during  the  first  third  of  the  rotation,  fop  the 
entire  area  will  be  cut  over  once  during  that  time.  Even  though  it 
were  desirable  to  distribute  this  surplus  over  a  longer  period,  such  a 
course  would  generally  he  impossible,  because  in  virgin  forests,  most  of 
them  of  difficult  accessibility,  the  first  cut  must  be  heavy  per  acre  to 
justify  logging.  Later  cuttings  may,  without  hardship  to  purcliasers, 
be  made  lighter. 

When  several  species  occur  in  mixture  all  are  regulated  together  with- 
out afTecting  the  method.  If  one  species  has  a  more  rapid  growth  and 
is  shorter  lived,  requiring  a  shorter  rotation,  its  exploitable  diameter 
should  be  made  lower  than  that  of  the  other  species. 

The  whole  calculation  is  checked  by  figuring  what  per  cent  of  the  total 
volume  is  represented  by  the  allowable  cut.  This  per  cent,  after  sub- 
tracting the  surplus,  should  be  approximately  the  growth  per  cent  of  the 
group  of  old  trees. 

The  area  check  on  this  method  is  applied  as  follows : 

The  whole  working  circle  is  to  be  gone  over  in  one-third  of  the  rota- 
tion. Since  the  rotation  may  be  long,  this  third  is  further  divided  into 
periods  during  which  the  plan  is  to  run  without  revision.  If  these 
periods  are  too  short  an  unnecessary  expense  will  l)e  incurred  l)y  fre- 
quent reconnaissance  work,  whereas  if  they  are  too  long  there  is  danger 
that  the  effects  of  original  errors  may  accumulate.  A  period  of  about 
20  vears  seems  reasonable.  Thus  if  the  rotation  is  180  years,  the  whole 
working  circle  will  be  cut  over  in  60  years.  If  the  period  during  which 
the  plan  is  to  nm  be  20  years,  the  area  is  divided  on  the  basis  of  topog- 
raphy into  three  parts,  each  containing  about  an  equal  volume,  and  oacli 
to  be  cut  over  in  20  years.  In  some  cases,  where  the  working  circle  does 
not  lend  itself  to  a  division  into  parts  containing  equal  volumes,  it  may 
be  divided  into  unequal  parts,  each  part  to  be  cut  over  in  a  period  bearing 
the  same  relation  to  the  one-third  of  the  rotation  as  the  part  bears  to 
the  whole  working  circle.  The  part  containing  the  largest  proportion 
of  overmature  and  deteriorating  timber  should  bo  cut  during  the  first 
period.  This  part  may  be  further  subdivided  for  convenience  into  water- 
sheds forming  natural  logging  units  or  groups  of  units. 

The  following  example  of  the  French  method  is  given  for  the  sake  of 
clearness : 
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Total  area  of  working  circle  =  200,000  acres. 

Minimum  merchantable  D.  B.  H.  =  10". 

Size  of  material  desired:  Sugar  pine  and  yellow  pine  =  30".  In- 
cense cedar  =24". 

The  group  of  old  trees  will  include  those  20"  and  over  D.  B.  H.  The 
medium  trees  will  include  those  between  10"  and  20"  D.  B.  H. 

The  average  length  of  time  required  to  produce  a  tree  30"  D.  B.  H., 
considering  the  important  species,  is  160  years.  The  period  of  reproduc- 
tion is  approximately  20  years.  Hence  the  rotation  will  be  160  +  20, 
or  180  years.  Incense  cedar  is  shorter  lived  and  more  rapid  growing, 
hence  will  be  considered  exploitable  at  24".* 


Table  of  Estimates 


Medium  Trees 


Old  Trees 


Volume  M  feet 


Volume  M  feet 


Sugar 
pine 

Yellow 
pine 

Incense 
cedar 

Total 
200,000 

D.  B.  H. 
inches 

SuKnr 
pine 

Yellow 
pine 

Incense 
cedar 

TotNl 

Volume   of 
sugar  pine 
and  yellow 
pine  for 
each  diam- 
eter   class 

10 
11 
12 
13 

etc. 

Volume  of 
susar  pine 
and  yellow 
pine    for 
each  diam- 
eter class, 

c"  CD 

HZ 

1  S!  *  ^ 
,0  5  S  C 

>    O    08    3S 

up  U 
inclv 

)  lr^ 

isive. 

20^' 
over. 

and 

1,800,000 

From  the  table  we  find  the  actual  proportion  of  old  and  medium  trees 
io  be: 

Old  trees  =  1 ,800,000  M  feet 
Medium  trees  —    200,000  M  feet 

Total,  2,000,000  M  feet 


The  normal  proportion  should  be :. 

Old  trees,  2,000,000  X  f 
Medium  trees,  2,000,000  X  1 


=  1,250,000 
=     750,000 


♦  This  exploitable  diameter  for  incense  cedar  will  cause  a  slight  Inaccuracy 
in  that  the  medium  trees  should  be  taken  to  8"  instead  of  10"  to  correspond 
with  the  24".  On  the  other  hand  the  volume  between  8"  and  10"  will  be  small, 
and  if  desired  can  be  allowed  for  by  sample  tallies  over  a  small  percentage  of 
the  strii>8.  The  cutting  of  a  abort-lived  species  to  a  lower  diameter  limit  is 
desirable  in  this  case  because  tUe  area  is  gone  over  only  once  in  60  years. 
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But  the  normal  growing  stock  over  the  whole  area,  considering  half 
of  the  area  stocked  with  30"  trees,  should  be  1,120,000  M.  This  should 
be  divided  between  the  two  groups  as  follows : 

Old  trees,  1.120,000  X  |  =    700,000  M. 
Mediam  trees,  1,120,000  X  I »    420,000  M. 

1,120,000  M. 

Hence,  although  there  is  a  surplus  of  1,800,000  —  700,000  = 
1,100,000  M  feet  of  old  trees,  there  is  a  deficit  of  420,000  —  200,000  = 
220,000  M  in  the  medium  trees.  If  all  the  old  trees  were  cut  during  the 
first  third  of  the  rotation  the  growing  stock  would  be  depleted.  There- 
fore 220,000  M  feet  will  be  taken  from  the  lower  diameters  of  the  large 
trees,  chiefly  from  the  more  valuable  species,  and  added  to  the  medium 
trees.  The  resulting  surplus  will  be  1,100,000  —  220,000  =  880,000  M. 
This  surplus  is  to  be  removed  during  the  first  third  of  the  rotation.  The 
cut  for  the  first  third  of  the  rotation  will  therefore  be  the  880,000  M 
surplus  and  the  700,000  M  normal  volume  of  old  trees,  plus  the  incre- 
ment on  their  sum.  This  increment  will  be  12,000  M  per  annum,  or 
12,000x30  =  360,000  for  the  60-year  period.*  Therefore  the  annual 
cut  for  the  first  third  of  the  rotation  will  be : 

^  ^  800.000  +  7y  +  mOOO  ^  3^  333  ^  ^^^ 

This  amounts  to  1.61  per  cent  of  the  total  volume.  Not  counting  the 
surplus  or  increment  on  the  surplus,  there  will  be  a  cut  of  only  853,000 
M  feet  for  the  60-year  period,  or  an  annual  cut  of  only  14,216  M  feet. 
This  is  but  .71  per  cent  of  the  total  volume,  or  approximately  the  incre- 
ment on  the  group  of  old  trees. 

In  carrying  out  this  method,  bite  qualities  producing  very  marked  dif- 
ferences in  growth  must  be  distinguished  in  the  field  work  and  kept  sepa- 
rate in  the  computations.  For  instance,  in  some  of  the  very  dry  limestone 
soils  of  the  Western  Yellow  Pine  belt  of  the  Southwest  the  trees  are  small 
and  stunted,  and  even  when  mature  hardly  reach  the  diameter  of  poles  on 
ordinary  sites.  Such  areas  if  small  and  unimportant  may  be  thrown  out 
and  ignored ;  but  if  of  some  extent  they  should  generally  receive  a  sepa- 
rate calculation  of  yield  and  proper  consideration  in  the  final  allotment 
of  the  cut. 

In  marking,  the  exploitable  diameter  need  not  be  rigidly  adhered  to. 
Injured,  suppressed,  or  stunted  trees  below  the  limit  may  be  cut.    But  at 


*The  Increment  is  taken  for  only  half  of  the  period  because  cutting  is 
going  on. 
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the  same  time  the  marking  olticer  shoiiUl  always  strive  to  leave  in  the 
form  of  thrifty  trees  above  the  diameter  limit  enough  material  to  counter- 
balance those  trees  below  the  diameter  limit  which  he  has  removed.  This 
balance  need  not  be  kept  on  small  units,  such  as  a  few  acres,  but  should  be 
carefully  maintained  over  considerable  areas.  In  this  way  differences  of 
site  qualities  will  to  a  certain  extent  be  eijualized. 

In  order  to  keep  a  check  on  the  diameter  classes  cut,  it  might  be  well 
for  the  marking  officer  to  tally  the  diameters  of  all  trees  marked  and  of 
those  above  the  diameter  limit  which  he  leaves.  At  least  he  should  keep 
track  of  those  below  the  limit  marked  and  those  above  the  limit  left,  so 
that  he  may  see  how  the  two  balance. 

A  disadvantage  of  the  French  system  is  that  it  requires  the  tallying  of 
trees  idown  to  one-third  of  exploitable  diameter.  This  means  that  if  the 
exploitable  diameter  is  24"  everything  above  8"  must  be  tallied.  It  is, 
therefore,  best  adapted  to  a  high  diameter  limit  and  long  rotations,  which 
is,  however,  generally  the  case  in  many  of  our  selection  forests.  The 
advantages  of  the  method  are  elasticity  and  a  degree  of  accuracy  not 
attainable  with  formulfe. 

In  a  forest  managed  under  the  selection  system,  with  any  of  the  above 
methods  of  regulation,  it  is  obvious  that  great  care  must  be  exercised  in 
the  markings  to  avoid  on  the  one  hand  a  too  great  reduction  of  the  grow- 
ing stock,  and  on  the  other  hand  a  leaving  of  the  area  encumbered  with  a 
more  or  less  unproductive  sur])his.  Hence  the  provisions  of  the  regula- 
tion must  be  guarded  by  a  well-founded  silvicultural  system  and  care- 
fully drawn  up  set  of  marking  rules.  For  instance,  if  the  plan  provides 
for  cutting  over  the  entire  area  every  40  yeai*s,  a  (»ertain  number  of 
thrifty  tnx^s  must  be  left  standing  in  order  to  furnish  tlie  second  cut  at 
the  end  of  40  years.  Hence  the  marking  rules  should  sti])ulate  that  no 
thrifty  trees  which,  from  their  appearance,  are  growing  well  and  are  sure 
to. live  40  years  sliould  l)e  marked,  even  though  they  are  large  enough  and 
though  the  all()wal)le  cut  for  the  area  is  not  obtained,  and  vice  versa,  that 
no  mature  trees  which  will  not  surely  live  -10  years  i)e  left,  even  though 
the  allowable  cut  be  exceeded.  In  most  virgin  uneven-aged  forests  the 
over-mature  and  mature  trees  will  generally  give  ample  material  for  the 
first  cut.  In  this  way  errors  due  to  inaccuracies  in  the  estimate  of  volume 
or  in  the  growth  of  figures  will  not  result  in  injury  to  the  forest.  At  the 
same  time  the  ])rescribed  volume  will  prevent  a  blind  overcutting,  which 
might  be  disastrous  to  industries  or  communities  dependent  upon  the 
forest. 

5.  Single  tree  7rietho(!.— This  method  is  based  on  the  principle  that  a 
certain  number  of  trees  reach  a  size  suitable  for  cutting  every  year  or 
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period  of  years.    The  aim  of  the  method  is  to  cut  just  this  number  of 
trees. 
The  data  required  are : 

1.  A  careful  enumeration  of  the  growing  stock.  For  this  purpose  five 
or  six  broad  classes  are  made  from  seedlings  up  to  mature  trees. 

2.  Growth  figures,  particularly  showing  the  number  of  years  required 
to  pass  through  each  class. 

3.  Figures  showing  the  percentage  of  mortality  suffered  by  each  class 
as  it  passes  into  the  next  class  above  and  into  the  final  or  mature  class. 

The  rotation  is  generally  the  sum  of  the  number  of  years  required  to 
pass  through  each  age  class  till  the  exploitable  size  is  reached,  with  gen- 
erally a  few  years  added  on  to  make  it  conserA^ative.  The  felling  period 
is  a  convenient  subdivision  of  the  rotation  and  should  be  at  least  the 
length  of  time  required  to  produce  enough  material  to  justify  the  next 
cut 

The  annual  cut  is  calculated  in  the  following  manner :  The  number  of 
trees  in  each  class  is  multiplied  by  the  percentage  which  will  survive  till 
maturity.  The  results  are  added  and  then  divided  by  the  rotation  plus 
one-half  of  the  felling  period.* 

In  order  to  find  the  growing  stock  of  Class  I  trees  the  average  annual 
yield  as  found  above  is  multiplied  by  half  of  the  felling  period.  In  order 
to  allow  for  mortality  this  number  is  raised  by  multiplying  by 

I  ^  /  Mortality  per  cent\ 

The  growing  stock  thus  found  is  compared  with  the  actual  growing  stock 
to  find  whether  there  is  a  surplus  or  deficit.  The  annual  cut  is  allotted 
accordingly,  distributing  this  surplus  or  deficit  over  a  certain  period 
according  to  the  proportion  of  lower  classes  and  reproduction. 

The  area  check  is  applied  by  prescribing  the  order  of  the  fellings 
through  the  different  subdivisions  (compartments)  of  the  working  circle. 
A  table  is  drawn  up  showing  for  each  year  the  subdivision  on  which  the 
cut  is  to  be  located  and  number  of  trees  to  be  removed. 

A  concrete  example  will  serve  to  make  the  method  clear : 


*  Half  of  the  felling  |>erio<l  is  added  to  the  rotation  to  allow  for  the  number  of 
Class  I  trees  (the  largest  class)  which  should  always  be  on  the  pn»und,  because 

there  should  always  be  a  number  of  Class  I  trees  equal  to  the  y x 

average  annual  yield. 
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Total  Growing  Stock 
Class 


Species. 

I. 
28^'  and 

over 
0.  B.  H. 

II. 
24^'  to  28^^ 

III. 
18^' to  24'^ 

IV. 
l2'aol8^' 

V. 

6^^  to  12^' 

VI. 

Below 
6^^D  B.H. 

Yellow  pine 

13,178 

11,366 

19,770 

42,577 

117,590 

215,667 

Rotation  =s  150  years 
Felling  period  =    15  years 

From  a  table  showing  per  cents  of  each  class,  reaching  Class  I,  and  the 
per  cent  of  Class  I  surviving  15  years,  the  following  calculation  is  made: 

,     .  , ,       (13178  X  .95)  -h  (11366  X   83)  +  (19770  X  .66)  +  (42577  X 
Average  annual  yield  = 157)^X1 » 

.50)  + (117590  X  .;ffl) -K 2.1 5667  X  .10) 

150  +  J,4 

_  12519  -h  9472  4- 13180 -^  21288  +  35277  +  21567 

~  157.5 

113303      „  ^ 
=  ^-        =719  trees  per  annum. 

The  growing  stock  of  Class  I  trees,  which  there  should  always  be,  is 

therefore  719  X  Y  X  1-026  =  5532. 

Since  there  are  13,178  Class  I  trees,  a  surplus  of  13,178  —  5,532  = 
7,646  trees  exists. 

The  cut  for  the  period  over  which  it  is  desired  to  distribute  the  surplus 
will  be:  The  present  Class  1  trees,  plus  the  total  number  of  trees  reach- 
ing Class  I  in  the  period,  minus  the  growing  stock,  all  divided  by  the 
period. 

A  modification  may  be  made  by  calculating  the  annual  yield  on  the 
basis  of  only  the  upper  classes  (the  first  three  or  four)  instead  of  on  all 
classes.  The  sum  of  these  classes  is  then  divided  by  the  number  of  years 
which  the  lowest  class  used  will  take  to  become  Class  I  instead  of  by  the 
rotation. 

Practically  the  only  place  where  the  single  tree  method  is  used  is  in 
India.  There  it  is  used  almost  to  the  exclusion  of  all  other  methods.  It 
is  particularly  well  adapted  to  mixed  tropical  forests  in  which  only  one 
or  two  of  the  many  species  found  is  merchantable. 

The  disadvantages  of  the  method  are  its  lack  of  elasticity,  its  com- 
plexity, and  liability  to  error;  it  also  requires  as  much  data  as  better 
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methods.    Hence  it  should  be  used  only  in  exceptional  cases.    The  French 
method  is  greatly  to  be  preferred  wherever  possible. 

(b)  Regulation  for  Even-aged  Forests 

Of  the  two  kinds  of  forest — uneven-aged  and  even-aged — ^the  latter  is 
by  far  the  more  important,  both  from  the  point  of  view  of  area  and  of 
timber  produced.  Its  regulation  is  also  simpler,  considering  it  in  the 
long  run,  and  less  subject  to  error. 

The  two  methods  of  regulation  applicable  to  even-aged  stands  are : 

(1)  By  area  with  a  volume  check. 

(2)  By  volume  and  area. 

The  two  methods  are  similar  in  many  respects,  but  will  be  described 
separately. 

(1)  Area  with  a  volume  check. 

The  data  required  are : 

Distribution  of  a^e  classes  (shown  on  a  map). 

Forest  types  (also  on  a  map). 

These  should  be  not  only  the  permanent  types,  but  also  temporary 
types  important  in  management  and  which  it  is  desirable  to  perpetuate.* 

Site  qualities^  three  will  generally  suffite. 

Volume,  as  accurate  estimates  as  possible. 

Growth,  best  arranged  in  the  form  of  yield  tables  for  different  types 
and  site  qualities. 

Area  of  each  age  class;  this  is  actual  area.  For  final  use  it  will  be  re- 
duced to  areas  of  equal  productivity. 

The  principle  of  the  method  is  simple.  It  is  to  cut  each  year  or  period 
of  years  an  equally  productive  area  containing  an  approximately  equal 
volume.  It  is  more  important  to  cut  an  equally  productive  area  than  an 
equal  volume,  because  the  equally  productive  area  will  give  a  normal 
distribution  of  age  classes  and  equal  sustained  yield  in  the  next  rotation, 
whereas  cutting  an  equal  volume  may,  through  present  irregularities  in 
the  stand,  lead  to  irregularities  in  the  next  rotation. 

In  applying  this  principle  the  first  step  is  to  decide  upon  the  rotation. 
The  second  step  is  to  tabulate  the  are*a  of  the  age  classes  according  to  site 
quality* — e.  g,,  with  rotation  of  120  years. 


•  Physical  factors  are,  of  course,  the  basis  of  permanent  forest  types.  But 
to  use  them  in  this  caFe  would  make  forest  types  correspond  with  site  quali- 
ties and  would  ij^nore  temi)oraiy  types,  such  as  Douglas  Fir  on  the  Pacific 
Coast  and  Western  White  Pine  in  Idaho,  which  are  of  the  utmost  importance 
in  management  and  which  should  be  peri)etuated. 

*  Other  data,  such  as  block  descriptions,  logging  conditions,  etc.,  can  well  be 
summarized  in  a  table. 
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Are*,  acran. 

Volume, 

M  feet. 

Increment  per 

acre  p4>r  Annum 

(board  feet). 

Age. 

Siteqiinlities** 

- 

TotftI  nrf  A  of 
reduced. 

SIteqitalitif'H. 

Total  volume. 

SitequAlitlefl. 

I.. 

II. 

III. 

I. 

II. 

III. 

I. 

11. 

III. 

120  + 
110 
100 
90 

Totols 

• 

(1  =  1.0 
**Site  qualities  on  basis  of  productivity  -j    II  =  .7 

illl=    .4 

(Just  as  an  example.     Actual  figures  will  vary  in  each  case. ) 

From  this  table  the  area  to  cut  annually  is  obtained  by  dividing  the 
total  reduced  area  bv  the  rotation.  The  volume  of  the  annual  cut  will 
likewise  be  the  total  volume  divided  bv  the  rotation.*  This  cut  cannot, 
however,  be  rigidly  a])i)lied,  but  should  serve  as  a  general  guide. 

Since  the  allowable  annual  cut  of  area  and  volume  thus  calculated  will 
be  difficult  to  enforce,  the  regulation  must  generally  be  based  on  periods 
of  10  or  20  years. 

The  allotment  of  the  area  and  volume  to  cut  in  each  period  is  shown 
in  a  table  which  gives  the  detailed  allotment  for  only  the  first  two  or 
three  periods  and  general  allotment  for  the  remainder  of  the  rotation. 
The  blocks  made  under  Forest  Description  will  serve  in  l(K!ating  the  cut. 

The  table  should  follow  as  closely  as  possible  the  accompanying  model, 
with  only  such  modifications  as  local  conditions  render  unavoidable: 


*  The  theoretical  normal  cut  would  be  the  total  reduced  area  multiplied  by 
the  normal  yield  per  acre  and  divided  by  the  rotation. 
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The  allotment  of  areas  and  age  classes  to  different  periods  in  the  rota- 
tion, as  in  the  above  table,  may  present  some  difficulties.  For  example, 
a  forest  may  contain  so  much  young  growth  and  so  little  mature  or  ex- 
ploitable timber  that  it  will  be  impossible  at  first  to  cut  the  allowable 
area  without  including  some  of  the  younger-age  classes.  In  this  case 
careful  judgment  and  a  thorough  knowledge  of  silvicultural  and  market 
conditions  will  be  needed  to  decide  whether  it  will  be  best:  (1)  to  dis- 
tribute the  mature  timber  over  the  period  before  the  next  age  class  will 
be  exploitable;  or  (2)  to  cut  this  mature  timber  and  wait;  or  (3)  to 
sacrifice  some  of  the  younger  but  still  merchantable  timber  in  order  to 
supply  the  market  continuously  and  secure  a  normal  distribution  of  age 
classes  in  the  next  rotation.  Sacrifices  of  large  amounts  of  young  timber 
solely  to  secure  a  normal  distribution  of  age  classes  are  justified  only 
when  this  distribution  is  based  on  very  accurate  data.  On  the  other 
hand,  forests  containing  an  excess  of  the  older-age  classes  will  present 
no  difficulties  in  cutting  the  allowable  area,  except  the  possibility  of  sell- 
ing the  timber;  in  this  case  the  only  disadvantage  of  regulation  will  be 
the  loss  through  deterioration  caused  by  distributing  over  a  greater  or 
less  period  of  years  stands  already  ripe.  This  loss  will,  however,  be  less 
than  without  regulation ;  for  without  regulation  it  is  almost  impossible 
to  tell  accurately  which  stands  are  most  in  need  of  cutting,  and  there- 
fore the  vigorous  mature  stands  are  often  cut  and  the  over-mature  de- 
teriorating stands  left. 

The  above  method  can  be  applied  with  any  silvicultural  system  adapted 
to  even-aged  stands,  whether  it  be  clear  cutting  and  planting,  clear  cut- 
ting with  seed  trees,  or  successive  regeneration  fellings  (shelterwood 
compartment  system).  In  the  last  case  the  periods  into  which  the  rota- 
tion is  divided  should  be  equal  to  the  period  of  reproduction. 

(2)   Volume  and  area. 

The  essential  difference  between  this  and  the  first  method  is  that  the 
aim  of  the  first  method  is  to  secure  equally  productive  areas,  with  volume 
as  a  secondary  consideration,  whereas  the  aim  of  this  method  is  primarily 
to  secure  an  equal  volume. 

The  data  necessar}'  are  the  same  except  that  for  site  quality  (on  which 
productivity  depends)  is  substituted  normality,  which  includes  stocking 
of  the  area  as  well  as  site  quality.  The  standard  of  normality  is  the 
ability  to  produce  a  certain  volume  per  acre  at  the  end  of  the  rotation. 

As  soon  as  the  rotation  has  been  decided  upon  a  preliminary  table 
should  be  constructed  showing  the  area  of  each  age  class  and  its  nor- 
mality. 
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Age. 

Area,  ncre*,  for  each  iiormHliiy. 

Total  area  of  age 
class  on  banis  of  l.u. 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

10 
20 

30 

40 

etc. 

On  the  basis  of  this  table  another  is  constructed  showing  the  area, 
actual  and  reduced  to  normal,  and  the  volume  maturing  in  each  decade. 
The  sustained  yield  by  decades  will  then  be  the  total  volume  maturing 
in  all  decades  of  the  rotation  divided  bv  the  number  of  decades  in  the 
rotation.  But  since  the  volume  maturing  in  each  decade  will  vary 
greatly,  and  since  the  forest  will  generally  contain  an  overstock  or 
imderstock  of  mature  timber,  it  is  advisable  to  group  the  decades  and  to 
calculate  the  cut  for  each  group  of  decades  by  dividing  the  volume  ma- 
turing in  the  group  by  the  number  of  decades  in  the  group,  instead  of 
calculating  it  for  the  rotation  as  a  whole.  This  will  also  be  more  con- 
servative in  that  errors  due  to  forecasting  the  future  volume  of  present 
young  stands  will  not  enter  into  the  present  allowable  cut.  These  errors 
will,  of  course,  be  greatly  minimized  when  the  plan  is  revised.  The 
area  to  cut  each  decade  is  the  actual  area  which  will  produce  the  allow- 
able volume. 

The  above  method  is  applicable  to  successive  regeneration  cuttings, 
as  well  as  to  clear  cutting  systems.  For  example,  an  area  of  4,500  acres, 
containing  27,000  M  feet,  is  to  be  cut  over  in  30  years.  The  yield  per 
decade  is  9,000  M  feet,  or  900  M  feet  per  annum.  Under  a  clear  cut- 
ting system  150  acres,  containing  900  M  feet,  would  be  cut  over  each 
year.  Under  a  system  of  three  successive  regeneration  cuttings  10  years 
apart,  the  same  volume  would  be  cut  each  year,  but  it  would  require  ap- 
proximately three  times  the  area,  or  450  acres,  per  annum  to  give  this 
volume.  The  4,500  acres  would  be  cut  over  once  every  10  years,  or  three 
times  during  the  30  years,  until  at  the  last  cutting  regeneration  is  com- 
plete. 

Prom  the  foregoing  it  will  be  evident  that  between  area  regulation, 
with  a  volume  check  and  volume  and  area  regulation  (as  outlined 
above),  there  is  but  a  short  step.  This  step  should  be  taken  wherever 
possible,  because  regulation  by  area  with  a  volume  check  is  safer  and 
simpler  and  the  ultimate  goal  for  even-aged  forests. 
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Volume  regulation  with  an  area  check  could,  of  course,  be  applied  to 
even-aged  forests  by  pethods  different  from  the  above.  It  is  possible, 
if  age  classes  cannot  be  mapped,  to  use  any  of  the  formulae  given  for 
uneven-aged  forests,  or  even  the  single  tree  method.  Such  methods 
should,  however,  be  avoided  wherever  it  is  possible  to  map  the  age  classes 
and  secure  sufficiently  reliable  yield  tables. 

V.  Execution  and  Control  of  Plan 

For  a  plan  of  regulation  to  be  effective  one  officer  must  be  charged 
with  its  execution,  and  a  record  kept  of  the  provisions  of  the  plan  and 
manner  in  which  these  provisions  are  actually  carried  out.  The  Forest 
Supervisor  is  the  logical  officer  on  whom  responsibility  for  the  execution 
of  the  plan  should  rest,  and  the  record  should  be  kept  in  a  control  book. 
There  should  be  a  separate  control  book  for  each  working  circle,  and 
each  book  should  be  arranged  with  one  page  for  each  block  or  compart- 
ment of  the  working  circle.  If  there  are  both  blocks  and  compartments, 
there  should  be  a  separate  page  for  each  compartment.  Each  page 
should  show  for  each  year  the  prescriptions  of  the  plan,  actual  opera- 
tions, and  a  comparison  between  the  two.  It  should  also  show  areas 
planted  or  sown  and  receipts  and  expenditures.  When  thinnings  become 
possible,  these  also  can  be  included.  An  example  of  a  page  in  the  Con- 
trol Book  is  given  below.  This  is  for  regulation  by  area  with  a  volume 
check;  if  regulation  is  by  volume  with  an  area  check  slight  modifica- 
tions will  be  necessary.  The  "year*^  column  need  include  only  the  years 
for  which  the  plan  is  to  be  in  force  before  being  revised. 
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VL  Importance  of  Preliminary  Reconnaissance 

The  choice  of  a  method  of  regulation  involves  a  thorough  knowledge 
of  the  region  to  be  regulated.  The  working  plans  officer  must  know, 
first  of  all,  whether  the  forest  is  even-aged  or  uneven-aged ;  then  whether 
part  is  even-aged  and  part  uneven-aged,  and,  if  so,  which  predominates; 
what  forest  types  are  to  be  dealt  with,  and,  roughly,  the  silvieultural 
system  called  for.  Upon  all  this  will  depend  the  method  of  regulation ; 
and  upon  the  method  of  regulation  will  depend  the  data  to  be  gathered. 
Obviously  upon  the  data  to  be  gathered  will  depend  the  method  of  field 
work.  Hence  the  field  work  depends  directly  upon  a  knowledge  of  the 
region  and  of  its  requirements.  This  knowledge  can  be  acquired  by  the 
working  plans  officer  in  a  month  or  two  spent  going  carefully  over  the 
area  before  the  regular  field  work  begins,  and  is  of  such  importance  that 
no  regular  reconnaissance  field  work  should  be  attempted  before  this 
preliminary  reconnaissance  has  been  made.  Otherwise  it  is  practically 
certain  that  insufficient  or  unnecessary  data  will  be  gathered,  and  that 
the  results  will  therefore  not  be  commensurate  with  the  cost.  It  is  also 
necessary  for  the  working  plans  officer,  after  this  preliminary  reconnais- 
sance and  before  beginning  the  regular  field  work,  to  discuss  thoroughly 
with  the  Supervisor  the  method  of  regulation  to  be  applied. 

A  rough  idea  of  the  size  of  the  unit  from  which  sustained  yield  is  to 
be  obtained  (working  circle)  should  also  be  had  before  beginning  the 
field  work.  This  involves  a  thorough  familiarity  with  market  condi- 
tions, lines  of  transportation,  and  the  topography  of  the  country.  It 
w^ill  enable  the  work  to  be  concentrated  on  one  unit  at  a  time,  a  distinct 
advantage  in  many  cases. 


PARASITISM   OP  PHORADENDRON  JUNIPERINUM   LIBO- 

CEDRI  ENGELM.* 

BT  E.  P.  MEINECKE 

Forest  Pathologist,  Bureau  of  Plant  Industry 

Phoradendron  juniperinum  libocedri  Engelm.  on  Libocedrus  decur- 
rens  is  a  small  hanging  shrub  forming  a  bunch  of  rather  thin,  slender, 
and  brittle  leafless  stems;  it  is  quite  conspicuous,  and  is  therefore  famil- 
iar to  any  one  whose  duties  or  pleasure  take  him  into  the  forests  of  the 
Sierra  Nevada  in  California.  Like  most  green  Loranthacece,  it  is  light- 
seeking,  and  therefore  preferably  nests  high  on  the  younger  branches  of 
the  crown.  Here  it  causes  a  more  or  less  conspicuous  swelling.  This  is 
the  form  under  which  it  is  commonly  known. 

Quite  frequently  the  trunks  of  mature  and  over-mature  specimens  of 
Libocedrus  decurrens  show  spindle  or  barrel-shaped  burls  or  swellings, 
either  all  around  the  trunk  or  one-sided.  The  bark  on  these  swellings 
is  unusually  rough;  frequently  the  ridges  are  broken  so  that  the  burl 
takes  on  a  canker-like  appearance.  The  wood,  however,  it  seems,  is 
never  exposed. 

The  first  incense  cedars  with  such  burls  I  found  on  the  Stanislaus 
Forest  in  the  Sierra  Nevada,  California.  Several  of  these  swellings 
were  opened,  and  a  cross-cut  revealed  the  presence  of  old  plants  of 
Phoradendron  juniperinum  libocedri.  The  sinkers  were  well  preserved. 
In  the  heart  wood,  of  course,  all  the  sinkers  were  dead  (plate  I) ;  in  the 
sapwood  and  in  the  bark  they  were  living  (plate  II),  and  on  close  in- 
vestigation of  the  outer  bark  in  a  few  cases  very  short  and  poorly  devel- 
oped stems  of  the  mistletoe  were  found  in  the  bottom  of  the  deep  bark 
furrows.  On  the  larger  swellings  of  older  trees  no  green  sprouts  at  all 
were  found. 

I.  The  first  specimen  examined  was  on  a  tree  40  inches  diameter 
B.  H.,  111.7  feet  high,  and  221  years  old.  The  thrifty,  over-mature 
tree  had  several  large  open-fire  scars  and  a  few  mistletoe  bunches  in  the 
crown.  The  swelling  began  about  17  feet  above  ground.  Not  the  en- 
tire cross-section  was  infected  with  mistletoe;  the  area  in  which  sinkers 
were  found  covered  an  angle  of  about  130^.     The  sinkers  appeared  ar- 

*  By  permission  of  tbe  Secretary  of  Agriculture. 

(35) 
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ranged  more  or  less  regularly  in  several  eoncentrical  rings.  The  trunk 
at  a  section  18.3  feet  from  the  ground  through  the  center  of  the  swelling 
was  196  years  old.  One  of  the  living  sinkers  of  average  length  in  the 
wood  measured  y%\  growing  through  19  years.  Another  living  sinker 
in  the  wood,  which  reached  the  cambium,  measured  1%",  covering  36 
years.  The  infected  part  of  the  swelling  was  2  feet  9  inches  long.  No 
mistletoe  sprouts  appeared  on  the  outside  of  the  bark. 

II.  The  second  tree  with  mistletoe  swelling  measured  39  inches  diam- 
eter B.  H. ;  it  was  105  feet  high  and  214  years  old.  This  cedar  was  well 
isolated  in  an  open  stand  of  yellow  pine,  white  fir,  cedar  and  sugar  pine. 
The  tree  was  very  thrifty,  but  had  about  20  bunches  of  Phoradendron 
hanging  from  the  branches.  The  tree  seemed  to  have  been  frequently 
struck  by  lightning.  A  barrel-shaped  mistletoe-swelling  began  at  27.6 
feet  above  ground  and  measured  5  feet  8  inches  in  length.  The  actual 
mistletoe  infection  in  the  swelling  had  a  length  of  4  feet  10  inches.  The 
infection  covered  only  part  of  the  cross-section.  Measurements  illus- 
trate the  fact  that  the  heart  wood  on  the  infected  side  is  formed  much 
sooner  than  on  the  sound  side  of  the  trunk.  In  many  cases  the  heart 
wood  follows  the  sinkers  into  the  sapwood  with  a  dark  lining. 

The  oldest  sinkers  were  found  about  4  inches  from  the  center,  cover- 
ing 46  years.  From  there  to  the  cambium  are  114  annual  rings,  with 
numerous  sinkers.  The  sinkers  in  the  heart  wood  were  more  or  less 
arranged  in  three  rings,  each  about  one  inch  broad.  There  were  com- 
paratively fewer  living  sinkers  in  the  sap  than  dead  ones  in  the  heart 
wood.  The  growth  in  diameter  was  distinctly  stimulated  in  the  periods 
of  heavy  growth  of  mistletoe  sinkers. 

On  this  swelling  I  found  three  small  stems  of  Pkoradendron  growing 
out  through  the  bark,  one  toward  the  center  and  the  other  two  on  either 
end  of  the  swelling.  They  measured  one  to  two  inches ;  the  upper  part 
of  the  longer  one  of  these  was  dead.  One  of  them  was  found,  when  a 
piece  of  the  bark  was  split  off,  bent  and  recurved,  trying  in  vain  to  push 
its  way  through  the  thick  overlying  bark. 

III.  Specimen  No.  3  was  an  over-mature  snag  which  had  evidently 
been  dead  for  many  years.  A  huge  open-fire  scar  had  hollowed  the  butt 
and  the  trunk  up  to  17  feet  high,  so  that  no  accurate  determination  of 
its  age  was  possible;  but  to  judge  from  its  diameter  of  45  inches,  the 
tree  may  have  been  about  350  years  old.  On  the  trunk  itself  numerous 
mistletoe  infections  and  swellings  (over  20)  were  found,  particularly  so 
on  the  under  side  of  older  limbs,  which  showed  the  peculiar  buttress- 
like swelling  so  frequently  found  on  over-mature  incense  cedar.  At  a 
height  of  about  45  to  50  feet  a  swelling  occurred  which  was  found  to  be 
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caused  by  mistletoe.     Old  sinkers  reached  far  into  the  heart  wood  toward 
the  center  of  the  trunk. 

IV.  This  over-mature  but  thrifty  tree  stood  on  a  gentle  slope  to  west, 
quite  near  a  small  creek  in  an  open  stand  of  cedar  of  the  same  age.  The 
crown  was  fairly  well  developed;  the  trunk  was  slightly  leaning  to  the 
south  and  not  quite  straight,  carrying  many  dead  limbs  on  all  sides  and 
several  mistletoes  on  living  branches.  There  were  two  swellings  on  this 
tree;  the  lower  one,  at  a  height  of  8  feet  9  inches,  was  by  far  more  con- 
spicuous than  the  second  one,  at  a  height  of  about  20  feet.  The  length 
of  the  lower  swelling  was  3  feet  7  inches ;  the  circumference  at  the  lower 
end  was  122  inches,  in  the  center  of  the  swelling  131  inches,  and  at  the 
upper  end  98  inches.  The  swelling  was  decidedly  one-sided.  Upon 
close  investigation  one  small  living  stem  of  mistletoe  was  discovered 
deep  in  a  furrow  of  the  bark  covering  the  large  swelling.  This  swelling 
was  opened  with  a  saw,  and  on  the  cross-section  a  mistletoe  infection 
covering  more  than  230°  appeared.  All  the  sinkers  in  the  heart  wood 
were  dead;  a  great  number  of  living  sinkers  were  found  in  the  sapwood 
and  in  the  living  bark,  where  they  formed  long  longitudinal  rows.  The 
tree  at  this  cross-section  was  256  years  old.  The  first  37  years  counted 
from  the  center  were  free  of  sinkers.  The  number  of  annual  rings  from 
the  first  sinker  to  the  cambium  gave  219  years  as  the  age  of  the  mistle- 
toe infection  in  this  part. 

Since  the  time  these  observations  were  made  I  have  found  a  great 
number  of  similar  burls  on  the  trunks  of  incense  cedars  of  all  ages  above 
large  pole  size.  On  the  younger  trees  the  swellings  show  very  little, 
and  on  closer  inspection  one  will  almost  invariably  find  small  and  weakly 
developed  bunches  of  Phoradendron,  which,  however,  seem  to  be  sterile. 
The  older  the  tree  the  larger  the  swellings  and  the  smaller  and  fewer 
the  green  mistletoe  stems  until  these  latter  finally  disappear  completely. 

In  the  field  all  stages  are  found.  Young  vigorously  growing  green 
shrubs  of  Phoradendron  on  branches  cause  only  a  comparatively  small 
swelling.  When  growing  on  incense  cedar  trunks  the  root  system  be- 
comes more  important  and  the  green  shrub  is  reduced  in  size  and  devel- 
opment. On  the  trunks  of  older  trees  with  thicker  bark  swellings  of 
some  extent  are  caused  by  the  richly  developed  root-system,  and  only 
small  shrubs  consisting  of  a  few  short  stems  which  no  longer  produce 
any  flowers  appear  on  the  outside.  Later,  on  over-mature  trees,  the 
green  parts  of  the  mistletoe  plant  are  completely  suppressed  and  the 
entire  mistletoe  plant  living  in  large  swellings  of  the  trunk  consists  of 
a  most  complicated  system  of  sinkers  and  cortical  roots  with  numerous 
undeveloped  adventitious  buds. 
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The  presence  of  old  mistletoe  plants  in  these  swellings  on  incense 
cedar  is  interesting  from  more  than  one  point  of  view.  As  far  as  the 
practical  aspect  of  the  matter  goes,  it  is  clear  that  a  log  containing  mis- 
tletoe sinkers  in  great  numbers  must  be  valueless.  Differences  in  ten- 
sion cause  the  wood  to  split  and  check  badly,  the  checks  following  pref- 
erably the  broad  sinkers. 

The  fact  that  Phoradendron  juniperinum  libocedri  is  far  more  long- 
lived  than  was  supposed  is  of  some  interest.  That  certain  mistletoes 
are  able  to  reach  a  high  age  is  well  known.  Tubeuf*  states  that  often 
sinkers  of  Viscum  album  are  found  extending  through  60  to  70  annual 
rings  of  growth.  These  are  probably  the  oldest  mistletoe  plants  on 
record. 

In  one  of  the  preceding  cases  the  mistletoe  was  still  thrifty  at  an  age 
of  219  years,  and  this  age  cannot  even  be  correct,  as  the  tree  was  37 
years  old  when  the  mistletoe  first  appeared  in  the  trunk.  The  bark  of 
an  incense  cedar  of  that  age  is  impermeable  to  the  sprouting  embryonic 
rootlet  of  the  mistletoe  seed.  The  infection  of  the  trunk  must  have 
come  through  a  previously  infected  branch.  In  other  words,  the  mistle- 
toe plant  in  this  case  must  have  been  a  number  of  years  older  than  219 ; 
allowing  conservatively  about  10  years  for  the  cortical  roots  to  travel 
from  the  infected  branch  to  the  trunk,  the  age  of  this  mistletoe  plant 
would  be  about  230  years. 

It  is  of  particular  interest  to  note  that  Phoradendron  junipeHnum 
libocedri  when  it  reaches  a  high  age  lives  without  green  exterior  organs. 
In  what  way,  then,  does  it  secure  its  organic  food  ? 

We  do  not  know  anything  definite  about  the  degree  of  parasitism  of 
Phoradendron  juniperinum  libocedri  and  its  relation  to  its  host  with 
regard  to  the  quality  of  the  food  material  it  derives  from  that  source. 

It  is  generally  accepted  that  the  chlorophyll  containing  representatives 
of  the  parasitic  Loranthaceo',  such  as  for  example  Viscu7n  album  and  the 
closely  related  Phoradendron  flavescens,  produce  their  organic  food  by 
photosynthesis,  but  are  dependent  upon  their  host  for  water  and  the  inor- 
ganic salts  it  contains  in  solution.  There  seems,  however,  to  exist  con- 
siderable disagreement  about  how  far  this  dependency  of  the  green 
LoranthacecB  upon  their  host  actually  goes. 

Bonnier*  believed  that  Viscum  album  was  nourished  by  one  of  its 
hosts,  the  apple  tree,  in  summer  and  contributed  food  to  the  latter  during 

•  v.  Tubeuf.  Die  Mistel,  Vitfcum  album.  Pflanzeuimtliologische  Wandtafel?', 
1 :  12,  Text  and  explanation.    lOCMJ. 

•Bonnier,  Gaston.  Sur  rassiniilatlon  des  plantes  parasites  ^  cblorophylle. 
Compt.  Rend.    ii5 :  1074-1076.    1891. 
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winter.  According  to  Hartig**  the  Loranthacece  for  the  most  part  ab- 
stract only  water  and  inorganic  food  from  the  tree  they  inhabit;  we 
think  it,  however,  not  impossible  that  also  plastic  material  is  incidentally 
taken  up.  The  same  opinion,  namely,  that  Viscum  album  and  Phoraden- 
dron  flavescens  depend  upon  their  host  mainly  for  water  and  inorganic 
ialts,  modified  by  the  assumption  that  perhaps  they  obtain  part  of  their 
organic  food  from  their  host,  is  expressed  by  Ziim,*  Cannon,**  Peirce,*** 
Heinricher,#  York,##  Bray,###  and  others.  We  also  know,  and 
this  is  important  (Cannon  (/.  c).  Pierce'^),  that  the  phloem  of  Viscum 
album  and  Phoradcndron  flavescens  does  not  connect  with  the  phloem  of 
the  host.  Cannon  further  mentions  that  the  American  mistletoe  in  its 
extreme  youth  is  totally  parasitic. 

Two  observations  related  by  Heinrichef"'  have  a  closer  bearing  to  our 
subject.  A  seed  of  Viscum  album  had  germinated  on  Pinus  montana, 
had  entered  the  host,  and  had  been  living  in  it  for  10  years  before  green 
shoots  appeared  on  the  outside.  Another  Viscum  album  had  been  living 
on  Nerium  oleander  for  30  years  and  then  apparently  died  off.  Three 
years  later  the  mistletoe  had  reappeared. 

It  is  true  that  the  authors  mentioned  had  in  view  the  leafy  forms 
Viscum  album  and  Phoradcndron  flavescens,  Phoradcndron  juniperinum 
libocedri  is  leafless.  This  is,  of  course,  not  in  itself  sufficient  proof  that 
it  should  even  partly  depend  upon  its  host  for  its  supply  of  organic  food 
as  long  as  it  possesses  green  assimilating  sprouts.  As  soon  as  the  entire 
plant  is  reduced  to  non-assimilating  parts  in  the  interior  of  the  host,  it 
must  necessarily  take  all  its  food,  organic  as  well  as  inorganic,  from  the 
host. 


♦•  Hartig,  Robert.    Lehrbuch  der  Baumkrankbeiten,  pp.  17-19.     1882. 

•  ZUru,  E.  S.  Die  Mistel,  eiii  schjldlicher  Pflanzouscbmai'otzer  aiif  Waldinij^ 
Obstbaumen.  Prakt.  Bintter  f.  Pflanzenschutz.    5:19-21,  34-85.     19(K). 
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Whenever  the  green  parts  of  mistletoe  plants  are  broken  off  or  other- 
wise destroyed  the  cortical  roots  are  stimulated  to  the  development  of 
new  adventitious  buds.  This  is  as  true  for  Phoradendron  juniperinum 
libocedri  as  it  is  for  Viscum  cUbum  and  Phorandendron  ftavescens.  It  is 
well  known  how  difficult  it  is  to  get  rid  of  Viscum  album  or  Phoraden- 
dron flavescens  in  orchards  or  on  ornamental  trees  simply  by  breaking  off 
the  green  parts  from  time  to  time.  Repeated  destruction  of  the  green 
parts  also  stimulates  the  growth  of  the  root  system.  The  roots  remain 
alive  for  a  long  while ;  they  spread  in  the  living  bark  of  the  host  and  send 
out  new  sprouts.  If  normally  green  mistletoes  really  only  take  water  and 
mineral  salts  from  their  hosts,  the  development  of  the  root  system  and  of 
the  adventitious  buds  in  such  cases  must  take  place  at  the  cost  of  reserve 
material  produced  by  the  green  mistletoe  shrub.  There  is  nothing  im- 
probable about  the  assumption  that  at  least  part  of  the  ample  supply  of 
organic  food  produced  by  the  sturdy  and  rather  persistent  leafy  mistle- 
toes, with  their  large  assimilating  surface  of  green  foliage  and  stems, 
should  be  stored  in  their  root  system.  It  appears  less  clear  how  the  root 
system  should  survive  for  a  number  of  years  when  the  green  parts  are 
systematically  destroyed.  The  fact,  however,  that  in  spite  of  the  promi- 
nent position  the  European  and  American  mistletoes  have  held  in  the 
interest  of  the  scientific  world  for  so  many  years,  no  case  of  a  mistletoe 
surviving  for  a  greater  number  of  years  in  the  state  of  pure  parasitism 
without  any  help  from  green  shoots  has  been  reported,  points  to  the 
probability  that  after  all  the  leafy  mistletoes  are  not  able  to  emancipate 
themselves  completely  from  their  own  green  assimilatory  organs.  In  this 
connection  it  must  be  remembered  that  the  cortical  roots  of  Viscum  album 
and  Phoradendron  flavescens,  lying  near  the  surface  of  the  branch  they 
inhabit,  contain  chlorophyll.  These  surface  roots  later  die  off  when  the 
formation  of  cork  layers  cuts  off  the  outer  parts  of  the  bark  from  the 
water  and  food  supply  from  the  interior. 

With  the  growth  of  the  crown  of  the  host  tree  the  mistletoe  is  more 
and  more  cut  off  from  the  light  as  well.  The  green  hemiparasites  are  all 
more  or  less  sensitive  to  the  lack  of  light  ( Heinricher* )  ;  it  is  quite  possi- 
ble that  Viscum  album  and  Phoradendron  flavescens  suffer  more  from  this 
source  than  Phoradendron  juniperinum  libocedri. 

Viscum  album  and  Phoradendron  flavescens,  then,  normally  are  hemi- 
parasites, mainly  dependent  upon  their  host  for  their  supply  of  water  and 
inorganic  salts,  and  probably  able  to  a  moderate  degree  to  abstract  from 
their  host  certain  organic  food  material,  which  in  the  case  of  loss  of  the 

•  Heinricher,  E.  Die  KHlnen  Halbschmarotzer.  Jahrb.  f.  wise.  Bot  31 :  77* 
124.    1807.    d^:  398-462.    1898. 


PULTE  I. — Cross-xetrtlou  through  BwelllDg  of  the  trunk  of  au  Inceaee  Cedar, 
showing  tbe  distribution  of  tbe  elnlcem  of  Phoradendron  funi- 
pciinunt  libocedri.  Tbe  holes  toward  the  <«uter  are  caused  by 
di}'  rot  (pecklaeae). 


PuTB  II.— Detail  from  plate  1.    Tbe  wblte  alnkera  lo  tlie  sapwood  are  llTlng. 
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green  shoots  suffices,  together  with  the  assimilates  furnished  by  the 
chlorophyll  containing  surface  roots,  to  keep  the  mistletoe  alive  for  some 
time.  When  the  green  surface  roots  also  are  eliminated  by  the  progress 
of  bark  formation  in  the  host  the  mistletoe  dies. 

Phoradendron  juniperinum  libocedri  goes  one  step  farther  in  its  para- 
sitism. Normally  it  also  starts  as  a  hemiparasite,  assimilating  carbon 
dioxid  in  the  green  steins  and  in  the  green  surface  roots.  The  enormous 
development  of  bark  in  incense  cedar  in  the  course  of  time  eliminates 
both  the  green  shoots  and  the  surface  roots ;  the  plant  then  becomes  purely 
parasitic,  and  consists  only  of  the  widely  spread  root  system  and  numer- 
ous adventitious  buds,  which  cannot  develop  on  account  of  the  thickness 
of  the  incense  cedar  bark.  As  it  is  hardly  probable  that  this  mistletoe 
acquires  the  faculty  of  utilizing  organic  food  from  the  host  at  a  very 
much  advanced  age,  we  may  safely  assume  that  from  the  very  beginning 
Phoradendron  juniperinum  libocedri  normally  abstracts  organic  food 
from  the  incense  cedar  it  inhabits,  not  only  water  and  inorganic  salts. 

It  remains  to  be  shown  whether  the  phloem  of  incense  cedar  has  any 
direct  connection  with  the  phloem  of  the  mistletoe  it  carries,  as  is  the 
case  with  other  true  phanerogamic  parasites ;  this  would  furnish  the  ana- 
tomical proof  for  our  deductions.  It  is  of  interest  to  note  that  while  both 
Viscum  album  and  Phoradendron  flavescens,  in  spite  of  their  lesser  degree 
of  parasitism  frequently  kill  the  branches  on  which  they  grow,  the  incense 
cedar  Phoradendron  lives  with  its  host  tree  for  many  years  without  injur- 
ing it  seriously,  although  in  later  years  it  takes  all  its  substance  from  that 
source. 
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BY  W.  B.  GREELEY 

(Oontrilmted) 

The  article  contributed  by  Supervisor  Kirkland  in  the  September 
"Quarterly**  presents  a  strong  argument  by  a  man  directly  familiar  with 
the  things  of  which  he  writes  for  the  immediate  cutting  of  the  National 
Forests  of  the  Pacific  Northwest  up  to  an  amount  which  approximates 
the  annual  growth.  There  can  be  no  question  of  the  soundness  of  many 
of  Mr.  Kirkland's  conclusions.  Chief  among  these  is  the  rapid  deterio- 
ration of  old  stands  of  Douglas  fir.  This  deterioration  is  not  only  re- 
ducing the  volume  of  merchantable  timber  on  such  areas,  but  means  a 
loss  to  the  country  of  the  wood  which  these  exceedingly  productive  forest 
soils  would  grow  if  stocked  with  young  timber.  There  can  be  no  dispute 
on  the  question  that  good  forestry  demands  the  cutting  of  such  over- 
mature stands  as  soon  as  possible  in  order  to  harvest  an  overripe  crop 
and  utilize  the  capacity  of  the  land  in  the  production  of  a  new  crop. 

Nor  can  there  be  any  question  as  to  the  desirability  of  management 
for  a  sustained  yield  at  the  maximum  annual  cut  which  each  unit  is 
capable  of  maintaining  by  growth.  This  is  the  ultimate  and  ideal  sys- 
tem which  the  administration  of  the  National  holdings  should  aim  to 
bring  about.  It  means  stability  in  timber  supply,  stability  in  the  reve- 
nue derived  from  each  administrative  unit,  and  stability  in  the  income 
to  the  States.  It  will  make  possible  also  stability  in  the  size  and  organ- 
ization of  the  force  on  each  Forest  and  stability  in  the  local  lumbering 
industry  which  is  built  up  upon  it.  Ideally  speaking,  we  should  reach 
this  system  of  management  on  each  National  Forest  as  quickly  as  possi- 
ble, and  thereafter  adhere  to  it  without  variation. 

Certain  limitations  upon  the  application  of  this  policy,  however,  exist. 
These  limitations  are  partly  physical  and  partly  involved  in  other  feat- 
ures of  public  policy  which  to  a  greater  or  less  degree  conflict  with  the 
plan  of  management  advocated  by  Mr.  Kirkland.  It  may  be  of  interest 
to  indicate  the  more  important  of  these  briefly  as  comprising,  in  the 
judgment  of  the  writer,  the  granum  salts  with  which  Supervisor  Kirk- 
land's argument  should  be  taken. 

The  first  and  controlling  factor  is  the  physical  limitation  upon  Na- 
tional Forest  sales  imposed  by  the  inaccessibility  of  a  large  portion  of  our 
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stumpage.  Fully  75  per  cent  of  the  Government  timber  must  await  the 
slow  development  of  transportation  facilities  before  it  can  be  placed 
upon  the  market.  Closely  allied  with  this  physical  obstacle  is  the  eco- 
nomic limitation  imposed  by  competition  with  private  timber.  In  every 
locality  where  the  larger  bodies  of  National  Forest  stumpage  exist  ex- 
tensive tracts  of  privately  owned  timber  are  also  awaiting  exploitation. 
Private  stumpage  is  not  only  as  a  rule  more  accessible  than  that  owned 
by  the  Government,  but  is  of  somewhat  higher  quality,  since  it  was  se- 
lected as  the  cream  of  the  timbered  domain  before  restrictions  were 
placed  upon  the  acquisition  of  public  lands.  The  private  tracts  repre- 
sent investments  for  land  and  timber  and  carrying  charges  for  interest 
and  taxes.  These  necessary  evils  of  private  ownership  are  almost  in- 
variably factors  tending  to  force  the  exploitation  of  such  stumpage.  In 
many  instances  they  are  urgent  factors.  It  is  almost  axiomatic  that  a 
stable  demand  for  National  Forest  stumpage,  essential  to  support  a  sus- 
tained yield  management,  cannot  exist  until  the  competing  bodies  of 
privately  owned  timber  have  been  reduced  to  a  point  as  yet  reached  in 
comparatively  few  portions  of  the  West. 

The  influence  of  inaccessibility  and  competition  with  private  timber 
in  restricting  the  bare  possibility  of  National  Forest  sales  is  shown  by 
the  ratio  of  our  present  business  to  the  annual  cut  which  the  Forests 
would  support.  During  the  past  year  the  annual  cut  which  the  Na- 
tional Forests  were  estimated  to  be  able  to  sustain  permanently  totaled 
3,274,000,000  board  feet.  The  actual  cut  under  both  timber  sales  and 
free  use  permits  was  498,000,000  board  feet,  but  little  over  15  per  cent 
of  the  actual  yield  of  the  Forests.  On  the  National  Forests  on  the  west 
slope  of  the  Cascades  in  Washington  and  Oregon,  the  specific  region  under 
discussion,  the  actual  cut  was  32,056,000  feet  out  of  a  possible  cut  of 
553,000,000  feet,  but  5.8  per  cent  of  the  yield.  In  this  particular  region 
inaccessibility  and  competition  with  private  timber  have  kept  the  annual 
cut  at  the  lowest  percentage  of  the  yield  obtaining  anywhere  in  the 
United  States. 

A  sustained  annual  yield  presupposes  a  sustained  market.  It  pre- 
supposes the  development  of  transportation  facilities  at  a  rate  which 
will  make  all  portions  of  a  Forest  progressively  accessible  within  the 
cutting  period  in  which  it  is  to  be  worked  over.  This  condition  we  have 
reached  only  in  rare  instances.  Out  of  162  National  Forests  there  are 
scarcely  more  than  a  dozen  where  the  fundamental  conditions  of  accessi- 
bility and  demand  have  yet  made  it  possible  for  the  Service  to  sell  even  a 
considerable  proportion  of  the  annual  cut  which  the  Forest  would  sus- 
tain.    These  essential  prerequisites  to  a  sustained  yield  management  will 
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come  about  very  slowly.  Many  years  must  elapse  before  it  will  be  possi- 
ble for  the  Service  to  apply  this  principle  of  administration  on  any  con- 
siderable portion  of  its  area. 

A  third  factor  operates  from  the  standpoint  of  public  policy  to  re- 
strict sales  and  prevent  the  attainment  of  the  sustained  yield  ideal.  This 
is  temporary  depreciation  in  the  lumber  market.  Under  the  conditions 
now  prevailing  in  portions  of  the  West  and  with  special  acuteness  on  the 
northern  Pacific  Coast,  extensive  sales  can  be  made  only  at  a  sacrifice  in 
the  values  at  which  Government  stumpage  has  hitherto  been  appraised 
and  which  former  markets  have  justified.  Current  lumber  values  in 
\he  Douglas  fir  markets  of  the  Northwest  have  dropped  some  $3  a  thou- 
sand feet  as  compared  with  those  obtained  in  1906  and  1907.  There  is 
a  drop  of  from  $1  to  $2  as  compared  with  prices  prevailing  but  little 
over  a  year  ago.  We  believe  that  the  current  rates  represent  a  tempo- 
rary, abnormal  depreciation  below  the  stable  or  normal  values  of  manu- 
factured lumber  in  that  district.  To  make  sales  in  such  localities  on 
the  current  market  would  mean  the  adoption  of  a  "bargain  day"  policy. 
It  would  sacrifice  the  intrinsic  value  of  National  Forest  stumpage.  All 
of  the  larger  sales  made  by  the  Service,  the  sales  which  make  up  by  far 
the  greater  part  of  the  annual  cut,  require  cutting  periods  of  from  three 
to  five  years  or  even  longer.  A  lowering  in  stumpage  rates  sufficient  to 
make  sales  possible  in  the  Douglas  fir  belt  at  the  present  time  not  only 
means  a  sacrifice  of  part  of  the  intrinsic  value  of  our  timber  during  the 
period  while  the  present  depreciation  exists,  but  it  entails  the  contract- 
ing of  large  amounts  of  stumpage  at  rates  which  within  two  or  three 
years,  or  half  of  the  period  required  in  a  majority  of  the  larger  con- 
tracts, will  probably  be  excessively  low  for  the  lumber  market  then 
existing. 

National  Forest  timber  represents  a  great  national  security.  It  is  the 
duty  of  the  Forest  Service,  as  1  conceive  it,  to  maintain  the  value  of  this 
security  at  par.  We  are  acting  in  the  interest  of  its  owners,  the  people 
of  the  United  States,  whom  we  represent  in  the  administration  of  these 
lands.  Our  position  is  not  unlike  that  of  the  directors  of  a  large  com- 
mercial enterprise  who  are  responsible  to  their  stockholders  for  main- 
taining the  securities  in  which  the  latter  have  invested  at  par  value. 

An  important  factor  in  every  such  period  of  depreciation  in  the  West- 
em  lumber  markets  is  overproduction.  To  the  extent  to  which  the 
Service  forces  sales  by  reducing  stumpage  prices  during  such  periods  it 
accentuates  overproduction  and  aids  to  perpetuate  the  depreciation  in 
lumber  values.  It  therefore  aids  to  perpetuate  the  resultant  deprecia- 
tion in  the  value  of  the  enormous  body  of  public  property  which  National 
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forest  stumpage  represents.  Lumber  production,  furthermore,  in  such 
periods  is  invariably  attended  by  wasteful  logging,  tendencies  to  restrict 
the  cut  to  species  and  logs  of  the  better  grades,  and  other  efforts  to  main- 
tain the  profit  per  unit  of  manufactured  material.  All  of  those  result  in 
the  waste  of  Forest  resources.  I  do  not  believe  it  wise  policy  to  force 
the  utilization  of  National  Forest  timber  under  such  conditions. 

In  other  words,  a  third  essential  of  sustained  yield  management,  viz: 
stable  lumber  values,  is  also  lacking.  A  sustained  yield  presupposes 
stable  market  conditions  which  maintain  consistent  values  for  raw 
Forest  products.  Practical  business  considerations  demand  the  reserva- 
tion of  timber  from  exploitation  when  such  values  are  destroyed  by  over- 
production. They  forbid  the  throwing  of  timber  Upon  a  broken  market 
in  order  to  maintain  a  theoretical  ideal  of  Forest  management. 

All  of  these  conditions  unite  to  postpone  for  many  years  the  time 
when  the  sustained  yield  management  of  National  Forests  pn  a  general 
scale  will  *be  practicable.  From  the  standpoint  of  delaying  the  cutting 
of  overripe  timber  and  the  full  use  of  the  protective  capacity  of  forest 
land  this  is  bad.  Viewed  from  another  angle,  it  may  not  be  a  public 
misfortune.  It  is  generally  conceded  that  at  the  rate  of  consumption 
prevailing  during  the  last  decade  another  generation  will  witness  the 
practical  exhaustion  of  the  virgin  timber  supply  of  the  United  States. 
It  is  reasonable  to  believe  that  a  critical  economic  period  as  regards  the 
production  and  use  of  limiber  will  attend  this  exhaustion.  In  that 
period  it  will  be  necessary  for  both  the  production  of  lumber  and  its  per 
capita  consumption  to  adjust  themselves  to  the  cost  of  producing  and 
harvesting  stumpage.  The  cost  of  harvesting  virgin  supplies  will  no 
longer  be  the  primary  factor.  A  large  national  timber  reserve  will  be  of 
inestimable  value  in  tiding  the  country  over  such  a  period.  If  the  bulk 
of  the  virgin  stands  on  the  National  Forests  are  held  until  that  time 
they  can  then  be  utilized  to  meet  a  critical  need  rather  than  wastefully 
cut,  and  thrown  upon  a  market  already  glutted  with  private  timber. 
Aside  from  the  far  greater  benefit  which  the  country  as  a  whole  would 
derive  from  such  stands  at  that  time  than  at  the  present,  the  immediate 
financial  interest  of  the  people  in  these  common  holdings  would  be  en- 
hanced by  the  much  higher  values  obtainable  and  the  much  closer 
utilization  which  would  be  secured. 

From  the  point  of  view  of  Mr.  Kirkland,  it  might  be  claimed  that  the 
same  crisis  could  be  most  effectively  met  by  the  Government's  putting  its 
own  lands  as  rapidly  as  possible  in  a  condition  where  their  production 
of  wood  will  be  the  maximum  possible  under  scientific  management. 
The  Government  would  thus  make  its  own  lands  produce  the  greatest 
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future  supply  of  which  they  are  capable.  It  would  also  definitely  point 
out  to  private  owners  the  course  to  be  taken  on  their  lands  in  adapting 
their  industry  to  the  new  economic  conditions.  There  is  a  deal  of  justi- 
fication for  this  method  of  meeting  the  problem.  It  is,  of  course,  the 
ultimate  one.  With  a  critical  timber  famine  in  view  some  thirty  years 
hence,  however,  it  must  be  borne  in  mind  that  the  new  crops  grown  on 
lands  now  cut  over  would  not  be  available  at  the  time  of  serious  need. 
In  the  Douglas  fir  belt  itself,  where  the  production  of  second-growth 
timber  is  probably  the  most  rapid  in  the  entire  country,  eighty  years  is 
now  taken  as  the  minimum  rotation  to  be  applied  to  second-growth 
stands.  Particularly  since,  as  pointed  out  in  Mr.  Kirkland's  article, 
these  stands  must  be  cut  clean  and  reproduced  from  the  bottom,  the 
second  crop  will  not  be  available  when  the  country  is  hungry  for  timber. 
In  spite  of  the  loss  in  mature  fir  from  deterioration,  the  country  as  a 
whole  may  be  benefited  more  by  reserving  a  considerable  portion  of  these 
stands  against  the  time  of  critical  need  than  by  cutting  them  off  too 
rapidly,  under  present  market  conditions,  in  order  to  put  the  growing 
power  of  the  soil  to  work. 

As  a  practical  question  of  administration,  it  is  neither  possible  nor 
desirable  to  go  to  either  extreme.  Large  sales  must  be  made  on  certain 
Forests  to  support  mining  and  other  local  consumption.  Additional 
sales  in  localities  where  transportation  facilities  and  competition  with 
private  stumpage  permit,  and  where  stable  values  can  be  maintained, 
are  desirable  to  place  the  National  Forests  upon  a  basis  of  self-support. 
This  will  be  accomplished  if  the  actual  cut  can  be  brought  up  to  one- 
half  of  the  yield.  It  may  be  desirable  to  do  no  more  than  this,  leaving 
the  remainder  to  accumulate  as  a  reserve  supply.  It  is  almost  certain 
that  no  greater  proportion  can  be  sold  during  the  next  five  or  ten  years 
under  the  limitations  imposed  by  inaccessibility,  private  competition, 
and  the  necessity  for  maintaining  stable  values. 

To  dispose  of  even  half  of  its  possible  cut  the  Service  must  depart  from 
the  practice  of  a  sustained  annual  yield  by  administrative  units.  Un- 
equal distribution  of  transportation  facilities  and  good  markets  neces- 
sitates an  unequal  distribution  of  the  yearly  cut.  Our  sales  must  to  a 
greater  or  less  extent  be  concentrated  in  localities  where  Forest  stumpage 
has  been  made  accessible  and  where  the  market  is  ready  for  it.  While 
provision  should  always  be  made  for  the  permanent  local  consumption, 
in  the  territory  dependent  upon  each  National  Forest,  it  will  be  neces- 
sary in  some  cases  to  exceed  the  sustained  cut  of  an  individual  unit. 
The  excess  will  apply  to  that  part  of  the  timber  which  can  be  consumed 
only  in  the  general  markets  of  the  country. 
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Aside  from  administrative  interests  in  the  matter  of  revenue,  this 
course  is  justified,  since  the  boundaries  adopted  for  convenience  in  the 
management  of  the  Forests  seldom  coincide  with  the  limits  of  economic 
units  within  which  the  marketing  of  timber  is  controlled  by  certain  fac- 
tors of  consumption  or  distribution.  Two  illustrations  may  make  this 
plain.  The  Whitman,  Ochoco,  Umatilla,  and  Malheur  National  Forests 
of  Oregon  form  jointly  a  compact  economic  unit.  Aside  from  the  in- 
significant amount  required  for  local  consumption,  their  timber  must, 
within  the  range  of  human  foresight,  be  marketed  to  the  southeast  over 
the  main  and  feeder  lines  of  the  Oregon  Shortline  Railroad.  With  over 
90  per  cent  of  their  cut  passing  through  a  common  railroad  point,  these 
four  administrative  units  are  economically  one  unit.  If  a  sustained  yield 
from  the  entire  market  unit  is  maintained  little  injury,  certainly  to  the 
broader  public  and  industrial  interests  served  by  the  National  Forests, 
is  conceivable  if  the  stand  on  one  or  more  of  the  administrative  sub- 
divisions is  overcut. 

A  second  instance  is  found  in  the  Forests  of  south-central  Montana 
tributary  to  the  Butte  Copper  Mining  district.  Three  Forests,  the 
Helena,  Deerlodge,  and  Beaverhead,  are  tributary  by  topography  and 
railroad  development  to  one  great  consuming  market — the  copper  mines. 
No  other  outlet  for  the  great  majority  of  their  stumpage  can  be  fore- 
seen. Conversely,  the  mines  must  rely  upon  these  units  for  the  greater 
portion  of  their  permanent  timber  supply.  A  distinct  economic  unit  is 
thus  created  by  a  distinct  consuming  point,  from  the  standpoint  of  both 
market  and  stumpage.  The  progressive  working  over  of  these  Forests  to 
supply  the  annual  consumption  of  mining  timbers  may  disregard  admin- 
istrative boundaries  without  injury.  Cuts  in  excess  of  the  sustained 
yield  from  any  one  of  these  Forests  will  be  of  little  moment  as  long  as 
the  yield  from  the  entire  unit  is  maintained. - 

As  a  matter  of  fact,  modern  conditions  governing  the  distribution  and 
sale  of  lumber  make  a  sustained  yield  from  the  standpoint  of  a  perma- 
nent supply  for  consumers  of  wood  very  much  of  a  fiction.  Geograph- 
ical considerations  are  often  wholly  counterbalanced  by  relative  cost  of 
production  and  distribution  under  competitive  freight  rates.  Even  in 
the  two  concrete  cases  cited  the  limits  of  the  economic  units  are  not 
clear.  The  Pdrests  on  the  Snake  River  drainage  in  Idaho  supply  the 
same  market  over  the  same  railroad  system  as  the  group  in  northeastern 
Oregon.  Timber  sold  from  the  latter  is  shipped  past  the  doors  of  the 
Idaho  Forests,  shutting  their  own  supplies  out  of  the  market.  While 
the  bulk  of  the  supply  for  the  Butte  mines  is  cut  from  the  Deerlodge 
and  we  regard  that  Forest,  with  its  neighbors,  the  Helena  and  Beaver- 
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heady  as  fumishing  the  natural  supply  for  this  market,  small  shipments 
are  made  of  timbers  cut  from  lands  on  or  adjoining  at  least  three  other 
more  distant  Forests.  There  is  a  series  of  widening  circles  around  every 
consuming  point,  following  the  lines  of  least  resistance  in  the  matter 
of  cost  of  production  and  cheap  transportation,  which  may  upset  any 
administrative  scheme  of  permanent  timber  supply  based  upon  the  geo- 
graphical location  of  stumpage.  Even  the  fetish  of  '^local  needs,"  which 
has  swayed  many  a  council  of  Service  '^braves,"  yields  to  the  aggressive 
market  expansion  of  these  latter  days.  I  was  strongly  impressed  by  this 
fact  two  years  ago.  I  found  several  little  operators  supplying  com- 
munities in  the  northern  Rocky  Mountains,  communities  with  the  most 
meager  ^railroad  facilities,  forced  out  of  business  by  shipments  of  fir 
lumber  from  Puget  Sound.  The  cheaper  production  of  the  larger  oper- 
ation and  its  aggressive  search  for  markets  had  overcome  a  matter  of 
700  or  800  miles,  and  run  the  lodgepole  and  fir  of  the  northern  Bockies 
out  of  a  market  adjoining  their  mill  yards.  ^^Local  needs''  has  come,  in 
my  mind,  to  signify  only  the  consumption  of  timber  in  localities  beyond 
the  range  of  railroad  distribution. 

These  are  some  of  the  conditions  which,  from  the  standpoint  of  public 
supply,  make  strict  adherence  to  a  sustained  yield  by  Forest  units  un- 
necessary. The  Service  must  take  advantage  of  these  conditions  by 
concentrating  sales  in  districts  where  they  are  possible  at  desirable  terms. 
Otherwise  it  cannot  dispose  of  any  considerable  proportion  of  the  aggre- 
gate annual  yield  of  tbe  Forests.  Let  me  emphasize  again  that  this  is 
not  the  best  or  the  ultimate  scheme  of  administration.  It  is  imposed 
upon  us  by  the  practical  exigencies  of  the  situation.  From  the  stand- 
point of  the  executive  officer  it  has  obvious  disadvantages.  In  so  far  as 
it  is  applied,  it  makes  for  instability  in  local  organization  and  in  revenue 
from  administrative  units  from  period  to  period.  To  some  extent  it 
threatens  the  stability  of  the  lumbering  industry,  viewed  through  a  long 
term  of  years,  which  is  built  up  upon  certain  of  the  Forests.  It  should 
be  temporary  in  duration.  As  transportation  facilities  are  developed 
and  the  demand  for  Forest  timber  becomes  more  general,  it  will  cease 
to  be  necessary.  These  factors,  combined  with  more  stable  market  con- 
ditions, will  in  time  make  it  possible  to  distribute  the  cut  much  more 
evenly  over  all  the  Forests.  A  sustained  yield  management  can  then  be 
realized. 

The  plan  of  cutting  advocated  by  Mr.  Kirkland,  clean  stripping  fol- 
lowed by  artificial  regeneration,  is  undoubtedly  sound  silviculture.  The 
inclusion  of  clauses  in  sale  contracts,  however,  under  which  the  pur- 
chaser would  contribute  to  the  cost  of  reforestation  by  fumishing  labor 
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or  otherwise,  is  not  possible.  This  throws  the  whole  burden  of  seeding 
or  planting  sale  areas  upon  the  Forest  Service.  It  may  be  questionable, 
therefore,  whether  this  method  of  cutting  can  be  applied  as  generally  as 
strictly  silvicultural  considerations  would  require. 

x\n  enormous  area  of  denuded  lands  within  the  National  Forests,  ag- 
gregating some  7,500,000  acres,  is  awaiting  artificial  reforestation.  The 
idleness  of  this  land  as  a  possible  producer  of  wood  is  the  greatest  source 
of  loss  in  the  administration  of  the  National  Forests  from  the  standpoint 
of  either  revenue  or  future  timber  supply.  With  this  great  task  of  re- 
forestation confronting  the  Service  on  lands  where  tree  growth  cannot 
be  secured  by  any  other  means,  it  is  doubtful  in  my  judgment  if  we 
would  be  justified  in  drawing  upon  our  limited  resources  to  any  extent 
for  the  reforestation  of  lands  from  which  the  virgin  timber  has  been 
removed  under  our  own  contracts  in  such  a  manner  as  to  make  artificial 
stocking  necessary. 

Certainly  the  adoption  of  this  method,  in  view  of  the  major  reforesta- 
tion problem,  would  be  warranted  only  on  a  limited  scale  and  in  the  most 
urgent  cases.  Natural  regeneration  should  be  secured  wherever  possible, 
even  at  a  sacrifice  of  the  best  silviculture  from  the  standpoint  of  the  cost 
of  establishing  the  new  crop.  In  its  practical  application,  this  may  re- 
quire the  restriction  of  artificial  restocking  to  very  decadent  stands  in 
which  the  Douglas  fir  is  exceptionally  old,  large,  and  of  questionable 
seed-bearing  capacity  or  from  which  it  may  have  largely  disappeared.  In 
the  less  decadent  stands,-  up  to  an  approximate  age  of  250  years,  we  may 
have  to  resort  to  natural  regeneration  under  some  system  of  clear  cutting 
with  seed  trees.  It  is  apparent  that  large  areas  of  second-growth 
Douglas  fir  have  been  established  by  this  method,  through  the  selective 
nature  of  most  of  the  early  cuttings  combined  with  fires  in  the  slashings. 
It  appears  feasible  to  work  out  an  adaptation  of  this  system  by  the  selec- 
tion of  either  defective  trees  having  little  merchantable  value,  as  sug- 
gested by  Mr.  Kirkland,  or  seed  trees  grouped  with  reference  to  wind- 
firmness  and  seed  distribution. 

This  method  may  entail  an  investment  in  uncut  stumpage  of  two  or 
three  times  the  cost  of  artificial  reforestation.  Aside  from  the  practical 
consideration  that  this  investment  costs  the  Service  nothing,  whereas 
the  investment  in  artificial  reforestation  is  a  direct  drain  upon  a  meager 
appropriation,  there  is  a  broader  point  of  view  of  the  question.  Our 
immediate  duty  in  the  silvicultural  administration  of  the  Forests  is  to 
bring  the  annual  production  of  timber  up  to  the  maximum  of  which  the 
soil  is  capable.  This  applies  both  to  the  cutting  of  merchantable  timber 
and  to  the  planting  of  areas  from  which  all  forest  growth  has  been 
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removed  by  fire.  Both  enter  vitally  into  the  general  problem  of  in- 
creased wood  production.  Even  a  material  financial  sacrifice  as  between 
natural  and  artificial  methods  of  reforestation  may  be  justified  if  the 
dollars  otherwise  spent  upon  the  replanting  of  sale  areas  can  be  used  to 
reforest  an  equal  acreage  of  land  which  is  now  absolutely  idle.  The 
controlling  point  of  view  must  be,  in  my  judgment,  the  sum  tot^l  of 
results  in  increasing  the  actual  production  of  timber  on  the  National 
Forests. 


THE  RELATION  OF  SOIL  ACIDITY  TO  PLANT  SOCIETIES 

BY  ABTHUB  WM.  SAMPSON 
{Oontributed) 

It  is  a  matter  of  common  observation  with  the  field  botanist  that  dif- 
ferent soils  support  different  plants.  The  economic  significance  of  the 
giouping  together  of  vegetation  into  characteristic  societies  and  com- 
munities, with  respect  to  the  acidity  and  alkalinity  of  the  soils,  was  first 
brought  to  my  attention  in  a  study  of  the  vegetation  and  conditions  in 
the  Wallowa  Mountains  in  northeastern  Oregon.  In  this  region  a  line 
of  investigation  was  initiated  by  the  Forest  Service,  which  was  suggested 
by  Mr.  Frederick  V.  Coville,  Botanist  of  the  Bureau  of  Plant  Industry, 
for  the  purpose  of  determining  which  cultivated  or  introduced  forage 
species  are  best  adapted  to  restore  the  productiveness  of  depleted  grazing 
lands. 

One  of  the  means  by  which  certain  of  our  depleted  grazing  lands  may 
be  restored  to  their  former  carrying  capacity  is  by  reseeding  them  to  suit- 
able cultivated  forage  plants.  It  appears,  however,  that  the  soil  prefer- 
ences of  some  of  the  most  promising  cultivated  species  are  such  that  in 
the  judicious  reseeding  of  the  range  an  intelligent  study  of  soil  chemistry 
is  of  high  importance.  As  a  concrete  example,  white  clover  (Trifolium 
repens),  a  valuable  forage  plant  in  many  localities,  is,  like  a  great  many 
other  LeguminosaB,  extremely  sensitive  to  acid  or  sour  soils.  Both  under 
field  conditions  and  in  the  laboratory  it  is  found  that  this  plant  grows 
imder  protest,  as  it  were,  in  soils  rather  weakly  acid.  In  soils  requiring 
for  neutralization  the  relatively  small  amount  locally  of  5,000  pounds  of 
lime  per  acre  foot,  that  is,  to  a  depth  of  one  foot,  this  species  fails.  Lab- 
oratory tests  have  revealed  that  white  clover  and  other  related  species 
fail  to  develop  the  bacterial  nodules  in  soils  of  relatively  low  lime  re- 
quirements. On  the  other  hand,  some  forage  species,  notably  redtop 
{Agrostis  dlha),  as  evinced  by  the  luxuriant  growth  made,  prefer  sour 
soils. 

As  shown,  then,  it  is  evident  that  in  connection  with  the  reseeding 
work  a  study  of  the  native  plant  societies  as  indicators  of  acidity,  alka- 
linity, and  neutrality  of  the  soil  is  imperative.  Certain  societies  seem 
to  be  confined  very  definitely  to  particular  isolated  localities  and  are 
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quite  absent  from  many  closely  adjacent  lands  where  the  physical  struc- 
ture of  the  soil,  the  conditions  of  exposure,  extremes  in  temperature,  and 
the  amount  of  precipitation  are  very  similar.  Some  species,  however, 
show  no  apparent  selection  for  soils  so  far  as  their  chemistry  is  con- 
cerned, but  grow  equally  abundantly  and  luxuriantly  on  both  acid  and 
alkaline  lands. 

During  the  seasons  1910  and  1911  about  a  hundred  soil  samples  were 
taken  in  a  great  many  habitats  in  the  attempt  to  ascertain  the  relation- 
ship between  the  acidity  or  alkalinity  of  the  soil,  whichever  the  case 
might  be,  and  the  character  of  the  vegetation  growing  upon  it.  I  am 
greatly  indebted  to  Mr.  Breazeale  and  Mr.  Baston,  of  the  Bureau  of 
Chemistry,  for  the  making  of  a  great  many  of  the  soil  acidity  analyses. 

In  general,  strongly  acid  habitats  are  characterized  by  a  superabundant 
supply  of  moisture  coupled  with  poor  drainage.  Such  lands  usually  sup- 
port a  dense  stand  of  vegetation  which  often  produces  a  matter  surface 
and  an  entanglement  of  long  root-stocks  which  bind  the  soil  firmly.  The 
species  occur  both  socially  and  in  admixtures.  Carex  is  the  most  com- 
mon social  species,  and  societies  of  Carex-Juncus,  Ranunculus-Phleum, 
and  ElephanteUa-Dodocatheon  are  very  commonly  met  with.  The  soils 
in  these  situations  require  for  neutrality  from  about  8,000  to  16,500 
pounds  of  lime  per  acre  foot,  or  from  4,000  to  13,000  pounds  for  the 
production  of  a  clover  crop. 

In  the  beginning  of  this  study  it  was  presumed  that  the  lighter  soils — 
those  with  an  intricate  mass  of  interwoven  roots,  and  having  an  air-dry 
weight  of  15  to  30  pounds  per  cubic  foot — ^were  the  more  acid.  Later  it 
was  found  that  the  sourest  soils  are  those  of  the  well-drained  lands  which 
support  the  mountain  bunchgrass  (Festuca  viridula)  society.  This  spe- 
cies appears  to  vary  more  widely  than  any  in  adaptability  to  acidity. 
The  soils  upon  which  it  grows  luxuriantly  vary  in  lime  requirements 
from  5,000  pounds,  as  a  minimum,  to  41,000  pounds  as  a  maximum. 
These  soils  have  an  average  weight  of  70.5  pounds  per  cubic  foot.  The 
heaviest  soils  tested  weighed  82,  78,  77,  and  74  pounds  per  cubic  foot, 
respectively.  The  two  intermediate  ones  are  very  slightly  acid,  while 
the  heaviest  and  the  lightest  of  these  are  alkaline. 

An  attempt  was  made  to  correlate  depth  of  soil  with  its  weight  and 
acidity.  For  this  purpose  a  typical  location  was  selected  in  the  midst  of 
a  luxuriant  society  of  mountain  bunchgrass.  A  hole  six  feet  in  depth 
was  dug  and  samples  at  definite  intervals  were  analyzed  for  acidity  and 
the  weight  per  unit  volume  of  soil  determined. 

Sample  I  represents  the  soil  from  1  to  12  inches  in  depth ;  Sample  II, 
from  12  to  24  inches,  and  so  on  up  to  Sample  VI,  inclusive.    The 
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weights  of  the  soils  per  cubic  foot  from  the  surface  downward  are  67, 
68.5,  70.5,  74,  78.5,  and  83  pounds,  respectively.  The  lime  requirements 
per  acre  foot  from  the  surface  down  are,  respectively,  32,000  pounds, 
29,000,  8,000,  5,000,  3,500,  and  the  lowest  sample  representing  the  soil 
from  five  to  six  feet  in  depth,  is  neutral.  There  seems  to  be  no  neces- 
sary connection  between  weight  and  acidity  of  the  soil  when  the  various 
types  are  considered,  an  impression  which  the  last  cases  cited  might 
seem  to  convey;  for  example,  the  seventh  heaviest  of  the  many  samples 
collected  on  the  Wallowa  Forest  proved  to  be,  with  one  exception,  the 
most  acid  of  all.  However,  of  the  13  samples  which  gave  a  neutral  or 
alkaline  reaction,  all  but  one  were  above  the  average  in  weight.  The 
reason  for  this  relation  between  soil  weight  and  acidity,  where  it  exists, 
is  no  doubt  to  be  found  in  the  presence  or  absence  of  humus,  which,  on 
the  one  hand,  is  responsible  chiefly  for  the  acids  of  the  soil,  and,  on  the 
other  hand,  its  lightness  necessarily  affects  the  weight  of  the  soil. 

A  brief  r6sum6  of  the  acid  endurance  and  requirements  of  the  various 
local  conspicuous  plant  societies  is  here  given.  They  are  arranged  in 
accordance  with  the  degree  of  acidity  of  the  substratum.  In  this  list  the 
mountain  bunchgrass  society  easily  leads. 

1.  Festuva  viridula  society. 

2.  Carex  society. 

3.  AlmiS'Salix  society. 

4.  Veratrum-Redbeclcici^MeHensiarVdleriana  society. 

5.  Phleum-ElephantellarDodocatheon  society. 

6.  Vaccinium-Pliyllodoca  society. 

7.  DeschaftipsioJuncoides  society. 

8.  PinuS'Calamagrostis  society. 

9.  PinuS'AhieS'Polemonium  society. 
10.  Panicularia-Cinna  society. 

1.  The  mountain  bunchgrass  society  occurs  conspicuously  throughout 
the  extensive  high,  well-drained  meadows  and  bald  buttes  on  the  charac- 
teristic basaltic  clay  loam  soils.  It  occupies  more  acreage  than  any  other 
society  of  the  Hudsonian  zone.  Commonly  but  usually  inconspicuously 
associated  with  mountain  bunchgrass  may  be  mentioned:  Stipa  minor, 
8.  occidentalism  Sitanion  velutinum,  Melica  bells,  M.  spectabilis,  Logusii- 
cum  oreganum,  and  Polygonum  phytolacccBfolium,  The  soils  of  the 
various  habitats  vary  in  lime  requirements  for  neutrality  from  about 
3,000  to  41,000  pounds. 

2.  The  Carex  society  typically  is  rather  hydrophytic  than  meso- 
phytic  in  character.    The  soil  has  a  definite  humidity  of  from  about 
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50  to  80  per  cent ;  it  is  always  deep  and  rich  in  humus.  The  vegetation 
is  continuous  and  compact,  and  forms  a  dense  tangle  of  roots  and 
rhizomes.  The  wet,  poorly-drained  meadows  are  usually  occupied  by 
this  society.  The  most  common  species  are  Carex  vulgaris,  C.  tolmei,  U. 
festiva,  C.  illoia,  and  C,  exsiccata.  The  lime  requirement  of  the  soil 
varies  from  approximately  4,000  to  16,000  pounds. 

3.  Alnus-Salix  society.  This  society  occurs  along  mountain  streams, 
in  swales  of  various  kinds,  in  soils  of  high  humidity  and  rich  in  decayed 
vegetable  matter.  Of  the  herbaceous  species  Clayionia  and  Hierttnsia 
are  usually  associated  with  it.  The  lime  requirement  of  the  soil  is  be- 
tween 11,000  and  15,000  pounds. 

4.  The  VeratruM'Riidbeckia'Mertensia^Valeriana  society  usually  occu- 
pies the  drier  outer  border  of  the  hydrophytic  Carex  society.  Veratrum 
viride  and  Rudbeckia  occidentalis  are  the  most  conspicuous  species.  The 
soil  requires  for  neutrality  between  9,000  and  14,000  pounds  of  lime. 

5.  As  evinced  by  the  frequent  intermixing  of  the  Phleum-Elephan" 
tella-Dodecaiheon  society,  this,  the  fifth  group,  with  the  Carex  society, 
has  about  the  same  requirements  as  the  hydrophysic  Carices,  Except  for 
Phleum  alpinum,  members  of  this  society  never  occur  socially.  In  gen- 
eral, however,  the  species  concerned  occupy  soils  of  less  acidity,  the  lime 
requirements  varj-ing  from  about  9,000  to  11,000  pounds. 

6.  The  Vacciniuin-Phyllodoce  society  is  one  of  those  that  apparently 
never  occurs  in  neutral  soils.  It  appears  to  be  a  sure  indicator  of  acid- 
ity. Vaccinium  scopartum  and  Phyllodoce  impetriformis  are  the  species 
concerned.  They  are  usually  confined  to  the  partly  sheltered  soils  of 
the  Tludsonian  zone,  and  extend  to  timber  line.  The  lime  requirements 
of  the  soil  are  between  about  3,000  and  11,000  pounds. 

In  this  connection  it  should  be  stated  that  the  blue  huckleberry  ( Vac- 
cinium  incmhranaceum) ,  which  occurs  at  lower  elevation  than  F.  sco- 
pariuin,  has  nearly  the  same  lime  requirements  as  the  latter. 

7.  The  Deschampda-Juncoides  society  occupies  moist,  well-drained 
meadows,  too  dry  for  hydrophytes.  The  species  concerned  are  Deschamp- 
sia  co^spitosa,  D,  atropurpurea,  Juncoides  gJahratum,  and  J.  parvifolhim. 
The  lime  requirement  of  the  soil  is  about  11,000  pounds. 

8.  The  Piniis-Calamagrostis  society  occurs  in  the  transition  zone.  It 
is  characterized  by  Pinus  ponderosa  and  Calamagrostis  suksdorfii.  Here 
the  fallen  fragments  accumulate  year  after  year  and  produce  a  large 
amount  of  humus.  A  wide  variability  is  found  in  the  lime  requirements 
of  the  soil.  To  the  depth  of  the  grass  roots  the  soil  is  always  acid  and 
usually  the  acidity  extends  much  deeper.  From  2,000  to  11,000  pounds 
of  lime  per  acre  foot  are  required  for  neutrality. 
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9.  The  Pinus-Abies-Polemonium  society  is  restricted  to  the  dena^  tree 
clumps  of  the  Hudsonian  zone.  Pinua  dibicaulis,  Abies  lasiocarpa,  and 
Polemonium  humile  are  the  species  concerned.  The  soil  is  especially 
rich  in  humus  and  requires  between  5,000  and  10,000  pounds  of  lime  per 
acre. 

10.  The  Panictdaric^inna  society  is  hydrophytic,  the  species  Panicu- 
larta  nervata  and  Cinna  laiifolia  growing  in  staurated  soils.  These 
grasses  are  csBspitose,  but  reach  a  good  height  growth  and  are  rather  con- 
spicuous. Their  soil  requirements  for  neutrality  range  between  2,000 
and  5,000  poimds  of  lime  per  acre. 

The  genera  making  up  these  associations  are  almost  invariably  confined 
to  the  sour  soils.  Some  species,  however,  seem  to  show  no  particular 
preference  for  acid  lands,  or  at  least  they  seem  to  grow  equally  abundantly 
on  both  sour,  neutral,  and  alkaline  soils. 

Locally  the  most  common  genera  that  inhabit  the  calcareous  rock 
formations  are:  PteHdium,  Aquilegia,  Achillea,  Pentstemon,  Lupinus, 
Erigeron,  Agropyron,  Elymiis,  Sitanion,  Stipa,  Berberis,  Artemisia,  and 
Populus.  Of  these  it  is  definitely  known  that  Pteridium,  Lupinus,  Stipa, 
and  Populus  occur  also  on  somewhat  sour  soils. 

During  the  past  season  it  was  my  pleasure  to  make  a  reconnaissance 
study  of  the  vegetation  on  the  Manti  National  Forest  in  central  Utah. 
The  rock  formation  there  is  mainly  limestone  and  sandstone,  with  the 
former  predominating. 

Unfortunately  the  season  was  so  far  advanced  at  the  time  this  Forest 
was  visited  that  a  satisfactory  plant  collection  could  not  be  made.  How- 
ever, through  the  kindness  of  Mr.  Ivar  Tidestrom,  of  the  Bureau  of  Plant 
Industry,  much  additional  information  on  the  soil  preferences  of  the 
vegetation  was  obtained. 

The  genera  commonly  occurring  on  the  calcareous  soils  are : 

Oilia.  Agropyron  (2  species). 

Solidago.  Elymus. 

Monolepis.  Artemisia. 

Eriogonum.  Pachystima. 

CastHleja.  Berberis. 

Erigeron.  Peraphyllum. 

Pentstemon.  Opvloster. 

Bromus  (2  species).  Picea  parry  ana. 
Poa  (4  species). 

■ 

.  .  ..J 
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In  the  sandstone  soils,  which   are  acid  in  character,  the  following 
genera  make  up  the  main  vegetation : 


Agosteris. 

AragaliLS, 

Sambucus, 

EpUobium. 

Sodum, 

Arctostophylos 

Veronica, 

Valeriana. 

Juncus. 

Equisetum, 

RudbecJcia. 

Carex. 

Delphinium. 

Ligusticum. 

Pseudotsuga, 

Mimulus, 

Vagnera. 

Abies, 

Oeranium. 

Agrostis. 

Picea, 

Draba, 

Calamagrosixs, 

Pinus. 

Arnica. 

Elymus. 

Salix, 

Dodecatheon. 

Stipa, 

Betula, 

Aconitum, 

Sorbus, 

Alnus, 

The  genera  that  are  apparently  indifferent  to  either  of  these  soil 
types — 1.  e,,  occur  on  both  acid  and  alkaline  lands — are : 

Monolepis.  Rosa, 

Frasera.  Oragaria, 

Lomatium,  A  quilegia, 

Solidago,  A  malanchier, 

Oilia.  Abies  (2  species). 

Thalicirum,  Pinus  edulis, 

Pentstemon.  Populus, 

There  are  others  of  less  importance. 

It  is  highly  interesting  to  learn  that  about  80  per  cent  of  the  genera 
occurring  on  the  lower  basaltic  clay  loam  soils  and  on  the  calcareous  soils 
in  Wallowa  Mountains  are  also  found  in  the  sandstone  and  in  the  limy 
soils  of  central  Utah.  Among  the  genera  that  occur  on  both  acid  and* 
alkaline  lands  some  make  a  luxuriant  growth  on  the  one  type,  but  do  not 
develop  normally  on  the  other.  The  conifers,  for  example,  notably  Pinups 
ponderosa,  are  scattered  and  uncharacteristic  locally  and  usually  dwarfed 
on  the  limestone  soils,  while  they  grow  luxuriantly  on  the  sandstone 
lands.  On  the  other  hand,  Engelmann  spruce  probably  grows  most  luxu- 
riantly on  the  calcareous  soils. 

From  detailed  studies  made  by  Mr.  Frederick  V.  Coville,  as  well  as  by 
several  European  botanists,  on  the  soil  preferences  of  plants,  it  appears 
that  the  Ericaceous  species  generally  are  more  closely  confined  to  acid 
soils  than  those  of  any  other  family.  Mr.  Coville  has  found  that  both  in 
this  country  and  in  Europe  native  species  of  Vaccinium  invariably  in- 
habit sour  soils.    Through  a  series  of  potting  experiments  Mr.  Coville 
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learned  that  the  blueberry  cannot  be  grown  succeBsfully  in  alkaline  or 
sweet  soils. 

During  the  past  two  seasons  I  have  examined  a  great  many  soils  from 
VcKcinium  habitats  and  have  found  all  of  them  at  least  moderately  acid. 

It  was  learned  last  November  that  the  huckleberry  or  blueberry  in  the 
vicinity  of  Williamstown,  Mass.,  grows  luxuriantly  on  the  limestone  soils 
there.  With  this  understanding  I  was  called  upon  to  investigate  the  con- 
ditions in  that  locality.  The  lithographical  character  of  this  country  has 
been  recorded  by  the  U.  S.  Geological  Survey. 

Almost  invariably  the  common  huckleberry  there,  V.  pennsylvanicum, 
is  confined  to  the  granite,  gneissic,  and  schistose  mountains.  A  few 
plants,  however,  were  found  on  the  limestone  formation  in  association 
with  white  pine  and  oaks.  Upon  examination,  however,  it  was  learned 
that  the  roots  were  extremely  superficial  and  only  extended  to  the  leaf- 
mould  litter.  Samples  of  the  substratum  were  taken  and  found  to  be 
very  acid  to  a  depth  of  the  root  system.  At  greater  depth  the  soil  was 
strongly  alkaline. 

Ever  since  the  days  of  Unger  and  Thurmann  there  has  been  consider- 
able difference  of  opinion  in  the  relationship  between  soil  chemistry  and 
the  vegetation.  European  botanists  have  listed  a  number  of  plants  which 
are  said  to  avoid  calcareous  soils.  On  the  other  hand,  the  physical  theory, 
as  Warming  has  shown,  is  favored  by  the  influence  of  soil  water  and  con- 
sequently by  the  physical  structure  of  the  soil.  The  grouping  together  of 
plants  into  societies  doubtless  depends  both  upon  the  physical  and  chem- 
ical condition  of  the  substratum.  In  the  localities  studied,  however,  the 
physical  texture  and  the  water  content  seem  to  be  of  secondary  importance. 


TIMBER  BONDS 


BY  EDWARD  A.  BRANIFF 


{Contributed) 


Oeneral  Features  of  Timber  Bonds — Growth  of  the  Timber  Bond 

Business 

Within  the  past  few  years  there  has  come  into  increasing  prominence 
in  the  West  and  South  a  class  of  securities  based  upon  growing  timber, 
commonly  called  stumpage,  the  bonds  thus  issued  being  known  as  timber 
bonds.  Technically  they  are  industrials,  but  for  reasons  that  will  soon 
be  apparent  they  are  generally  regarded  as  being  in  a  class  by  them- 
selves. Certain  bond  houses  in  Chicago,  St.  Louis,  and  Detroit  make  a 
specialty  of  them,  and  a  few  have  standardized  their  requirements  to  a 
high  degree.  These  houses  employ  experts  who  understand  the  nature 
of  the  security  and  the  steps  necessary  to  safeguard  their  issues.  They 
have  been  quite  successful  in  finding  a  market  for  their  wares.  Especially 
among  retired  lumbermen  and  others  familiar  with  the  various  phases 
of  the  logging  and  lumber  business  is  there  a  market  for  timber  bonds, 
since  such  men  are  able  to  exercise  discrimination  in  the  selection  of 
their  purchases.  The  nature  of  these  timber  bonds  makes  them  also  very 
desirable  for  investments  by  Western  banks  and  banking  institutions, 
who  purchase  them  as  they  would  purchase  short-term  notes  and  com- 
mercial paper.  This  latter  demand  has  shown  such  considerable  growth 
of  late  that  the  market  for  timber  bonds  has  much  improved. 

These  bonds  are  much  better  known  in  the  West  than  in  the  East. 
Although  a  few  issues  of  Eastern  concerns,  particularly  of  paper  and 
pulp  mills,  have  been  sold  in  the  East,  they  have  constituted  but  a  very 
small  proportion  of  Eastern  bond  investments.  Most  Eastern  houses 
are  even  now  totally  ignorant  of  what  constitutes  a  good  timber  bond. 
The  Western  bond  houses  which  specialize  in  these  issues  are  much  bet- 
ter informed  and  their  standard  of  requirements  is,  as  a  rule,  quite  high. 
It  is  inevitable  that  appreciation  of  the  high  merits  of  timber  bonds  for 
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certain  classes  of  investors  will  soon  obtain  in  the  East,  with  a  conse- 
quent growth  in  demand  for  these  securities. 

The  subject  gains  much  in  interest  from  the  fact  that  timber  bonds  in 
their  present  form  represent  probably  only  a  first  phase  in  their  progres- 
Bion,  and  that  securities  based  upon  stumpage  will  likely  play  an  im- 
portant r61e  in  the  conservation  movement  in  this  country.  In  the  per- 
formance of  this  service  it  is  not  improbable  that  their  character  will 
change  radically  in  certain  respects.  For  instance,  it  seems  that  when 
such  issues  are  based  upon  forests  managed  under  a  system  that  insures 
a  second  cutting,  or  perhaps  a  sustained  yield,  the  securities,  instead  of 
maturing  at  uncertain  intervals,  none  of  which  is  more  than  15  to  20 
years  from  date  of  issue,  will  have  a  much  longer  life.  Also,  whenever 
it  becomes  feasible  for  private  owners  of  timber  in  this  country  so  to 
manage  their  timber,  their  securities  will  sell  at  a  higher  price  than  they 
now  do  and  their  yield  will  be  less. 

Bonds  secured  by  standing  timber  are  of  recent  issue;  consequently 
we  have  not  yet  been  able  to  test  adequately  the  strength  of  this  form  of 
security.  The  first  bonds  of  this  character  were  issued  about  10  or  12 
years  ago,  though  it  has  only  been  in  the  last  7  or  8  years  that  they  have 
been  sold  in  considerable  quantity.  So  far  their  record  has  been  exceed- 
ingly good.  Although  a  few  of  the  earlier  issues  have  defaulted  and  it 
has  been  necessary  for  the  buyers  to  take  over  the  properties  and  pay  out 
the  bonds,  the  writer  knows  of  no  instance  where  any  timber  bond  issue 
offered  by  the  few  responsible  houses  in  the  West  who  specialize  in  these 
securities  which  has  failed  to  meet  its  obligations.  One  leading  Chicago 
house  which  devotes  its  entire  attention  to  these  securities  claims  to  have 
sold  in  nine  years  more  than  $50,000,000  worth  of  timber  bonds  without 
a  single  instance  of  failure  to  meet  interest  or  principal. 

It  is  also  worthy  of  notice  that  the  volume  of  timber  bonds  has  greatly 
increased  during  periods  of  business  depression,  when  only  the  best  bonds 
find  a  market,  and  that  timber  bonds  in  such  times  have  been  in  great 
demand.  The  past  few  years  have  been  hard  ones  for  the  lumbermen, 
and  the  timber  bond  business  has  grown  by  leaps  and  bounds.  **The  best 
bonds  are  those  secured  by  a  permanent  monopoly,^'  as  a  financial  writer 
states,  and  the  ownership  of  timber  is  fast  approaching  a  permanent 
monopoly.  "One  should  buy  only  bonds  of  property  which  will  sell  in 
hard  times  for  the  amount  of  the  bond,"  says  another  financial  author- 
ity. There  is  no  question  that  timber  bonds  issued  at  the  conservative 
mortgage  rate  which  usually  prevails  are  sufficiently  protected  even  in 
times  of  panic. 
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Prom  the  point  of  view  of  the  bond  house  these  securities  are  desirable 
merchandise.  The  house  which  takes  measures  to  acquaint  itself  thor- 
oughly with  timber  bonds  by  employing  experts  to  pass  upon  the  physical 
value  of  the  timber  and  mill  properties,  and  attorneys  to  report  upon  the 
titles,  is  afcle  to  safeguard  these  issues  to  a  high  degree  and  offer  a  safe 
form  of  investment,  paying  a  high  rate  of  interest. 

From  the  point  of  view  of  the  investor  timber  bonds  are  in  most  re- 
spects decidedly  attractive.  The  security  is  probably  equal  to  that  of 
any  other  class  of  industrial  bonds,  and  the  yield  is  usually  6  per  cent 
in  addition  to  the  premium  which  is  paid  when  the  bonds  are  redeemed 
before  maturity,  as  most  of  the  best  issues  are.  This  premium  varies 
from  lOl^^  to  110,  or  even  higher.  The  issues  mature  in  series,  the 
longest  of  which  is  seldom  more  than  30  years  from  date  of  issue,  and 
the  shortest  about  10  years.  The  first  of  the  series  is  generally  due  six 
months  to  two  years  from  date  of  issue,  and  the  other  series  follow  at 
six-month  intervals.  Since  almost  without  exception  the  bonds  are  op- 
tional, and  since  this  optional  feature  is  freely  used,  the  best  timber 
bond  issues  are  seldom  allowed  to  mature,  and  the  life  of  these  bonds  is 
far  less  than  their  maturities  would  indicate.  In  fact,  the  best  issues, 
at  the  rate  they  have  been  retired  in  the  past,  will  run  only  from  8  to  12 
vears.  No  one  who  holds  a  timber  bond  can  be  sure  of  when  his  bond 
may  be  called.  From  one  point  of  view  this  is  an  extremely  desirable 
feature,  of  course,  and  appeals  to  a  certain  class  of  investors  on  account 
of  the  high  premium  that  is  paid  for  such  called  bonds,  it  being  possible 
to  obtain  on  some  of  the  best  issues  premiums  of  110 — that  is,  $1,100 
will  be  paid  for  called  bonds  which  were  sold  for  $1,000  or  less.  Disad- 
vantages, however,  from  the  point  of  view  of  the  conservative  investor 
also  exist,  as  will  be  later  shown. 

Denominations  of  timber  bonds  are  invariably  $500  and  $1,000,  except 
in  a  few  issues  of  a  speculative  nature  where  a  bonus  of  common  stock 
is  offered,  in  which  cases  denominations  of  $100  are  also  offered. 

The  investor  has  the  advantage  of  a  good  demand  from  Western  banks 
for  the  best  issues.  In  numerous  instances  issues  of  local  lumber  com- 
panies are  actively  traded  in  at  the  local  boards  of  trade  and  command  a 
premium. 

The  largest  timber  bond  issue  that  has  yet  been  made  is  $9,000,000. 
All  the  bonds  were  sold  within  a  short  time  after  issue.  A  Canadian 
issue  recently  made  was  for  $6,000,000.  The  latter  was,  it  is  under- 
stood, sold  largely  in  the  London  market  at  a  price  to  yield  about  5% 
per  cent. 
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The  Security  for  Timber  Bonds 

Timber  lands^  like  other  industrials,  demand  a  larger  margin  of  safety 
than  public  service  or  railroad  bonds.  The  main  reason  is  that  indus- 
trial earnings  fluctuate  widely,  so  that  while  in  good  times  the  corpora- 
tion may  earn  many  times  its  bond  interest,  times  of  depression  will  not 
infrequently  cause  this  margin  to  fall  perilously  low.  Railroads,  on  the 
other  hand,  and  such  public  service  corporations  as  traction,  water,  gas, 
and  electric  light  companies  do  not  experience  violent  fluctuations  in 
earnings.  In  the  depression  of  the  nineties  earnings  of  the  leading  indus- 
trial corporations  shrank  about  17  per  cent,  while  railroad  earnings  fell 
off  only  12  per  cent.  Following  the  panic  of  1907  industrial  earnings 
fell  off  about  17  per  cent,  while  railroad  gross  earnings  declined  but  7 
per  cent.  "In  the  decline  of  1893,  14  leading  industrial  stocks  fell  nearly 
50  per  cent  in  price  against  40  per  cent  for  60  railroads.  In  the  decline 
of  1903,  12  leading  industrials  fell  46  per  cent  as  compared  with  28  per 
cent  for  the  railroads.  In  1907  the  industrials  fell  off  48  per  cent  in 
comparison  with  but  37  per  cent  for  the  railroads."  * 

In  the  case  of  railroad  bonds,  experience  with  them  has  extended  over 
so  long  a  period  of  time  that  we  are  able  to  determine  with  approximate 
exactness  the  margin  of  safety  for  their  bond  issues,  and  the  same  is  true 
of  several  forms  of  public  service  corporation  bonds.  And  yet,  as  Babson 
says,  there  are  many  industrial  corporations  whose  bonds  in  case  of 
trouble  would  fare  much  better  than  the  bonds  of  public  service  com- 
panies which  now  sell  at  higher  prices. 

Timber  bonds  share  to  a  certain  extent  with  other  industrials  this  dis- 
advantage of  fluctuating  earnings.  In  good  times  the  profits  made  by  a 
large  mill,  sawing  a  high  class  of  timber  under  favoring  logging  and  mill- 
ing conditions,  are  probably  as  high  in  proportion  as  those  of  any  other 
stable  industry  in  this  country.  On  the  other  hand,  a  long  period  of  busi- 
ness decline,  when  building  lessens  and  railroads  stop  buying,  operates 
heavily  against  the  lumber  business. 

Two  representative  examples  of  how  broadly  earnings  of  lumber  com- 
panies fluctuate  are  given  below.  A  very  large  lumber  concern,  operating 
in  Louisiana  and  sawing  longleaf  pine,  showed  net  earnings  in  1906  of 
$2,330,488,  and  in  1907  of  $2,034,492.  The  panic  of  the  fall  of  1907  hit 
the  business  hard,  which  in  1908  showed  profits  of  only  $948,472,  a  de- 


*  Moody's  Magazine,  Vol.  XII,  No.  4,  p.  28i. 
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cline  of  over  63  per  cent  from  the  previous  year.  Although  profits  in- 
creased slightly  in  1909,  they  have  not  yet  reached  the  high  level  prior  to 
the  panic. 

A  long  established  Canadian  concern  experienced  in  1908  a  decline  of 
43  per  cent  in  its  net  earnings. 

On  the  other  hand,  the  earnings  of  a  conservatively  bonded  timber 
property  are  always  ample  to  pay  interest  charges  and  maturing  issues 
even  in  dull  times.  Consider  the  wide  margin  of  profits  of  a  Texas  con- 
cern sawing  longleaf  pine,  even  in  the  hard  years  since  1907.  The 
figures  are  as  follows: 


• 

Year 

Coiit  per  M  feei 

Selling  price 

1908 

$6.75 
6.17 
6  36 

$11.65 

1909 

12.17 

1910 

12.83 

This  concern  was  in  an  enviable  position  because  of  the  cost  of  its 
stumpage  and  very  favorable  milling  conditions.  It  was  bonded  for 
$375,000,  and  its  net  earnings  in  the  past  five  years  have  averaged  over 
$97,000  per  year. 

An  Eastern  pulp  and  paper  company  showed  net  earnings  in  1909  of 
over  four  times  its  bond  interest.  An  Idaho  concern  claims  to  earn,  even 
in  dull  times,  $12.50  per  M  feet  on  its  white  pine  and  $6.50  on  its  west- 
em  yellow  pine.  A  California  lumber  concern  sawing  western  yellow 
pine  and  sugar  pine  is  bonded  for  $1,200,000.  It  has  made  net  profits  in 
the  past  seven  years  of  about  $2,500,000.  During  1911,  which  has  been 
an  exceedingly  bad  year  for  the  lumber  business,  this  concern  made  net 
profits  of  about  $24,000  every  month  and  paid  out  in  cash  dividends 
$19,500  per  month,  representing  about  12  per  cent  on  the  entire  capitali- 
zation. A  maximum  amount  had  previously  been  charged  oflE  for  de- 
preciation and  maintenance,  and  the  required  $2.50  per  M  had  been  paid 
into  the  sinking  fund. 

The  condition  of  the  lumber  business  is  perhaps  most  accurately  gauged 
by  the  condition  of  the  railroads,  so  that  a  scrutiny  of  railroad  reports 
will  determine  how  lumber  is  faring.  Railroads  as  a  class  are  among  the 
greatest  consumers  of  lumber  in  this  country. 

One  of  the  most  serious  problems  which  concerns  a  sawmill  is  the  dis- 
posal of  its  low-grade  material.  As  the  forests  are  cut  off,  the  first  timber 
to  be  removed  is  the  large  trees,  which  yield  most  of  the  good  grades. 
High  grade  lumber  is,  relatively,  always  easy  to  dispose  of  and  suffers 
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least  in  price  depression.  But  as  the  proportion  of  low  grades  is  constantly 
increasing  the  problem  of  their  disposal  becomes  pressing.  The  cessation 
of  railroad  bnying  is,  therefore,  in  itself  always  a  heavy  blow  to  the  lum- 
ber busine^.  Also  when  railroads  stop  buying  it  is  generally  true  that 
demand  from  other  sources  is  very  slack.  The  low  grades  thus  pile  up  in 
the  yards  at  an  alarming  rate.  It  is  not  unusual  on  the  Pacific  coast 
under  such  circumstances  for  Oregon  fir  dimension  prices  to  drop  40  to 
50  per  cent  in  a  few  months.  Such  conditions  prevail  also  in  southern 
pine,  in  western  cedar,  in  hemlock,  and  other  woods  where  the  develop- 
ment of  the  timber  areas  has  been  especially  rapid  during  prosperous 
times.  They  do  not  obtain  to  so  marked  a  degree  with  timbers  that  exist 
in  very  limited  amount  and  are  in  the  hands  of  strong  corporations,  such 
as  western  white  pine,  cypress,  yellow  poplar,  and  eastern  white  pine. 

Although  the  lumber  business  is  susceptible  to  these  price  fiuctuations, 
yet  the  industry  as  a  whole  possesses  great  stability.  Those  concerns 
which  are  operating  with  a  management  of  even  ordinary  ability  and 
have  today  large  holdings  of  timber  behind  the  mill  plant,  secured  under . 
prices  prevailing  5  to  10  years  ago,  are  in  an  enviable  position.  Their 
securities  should,  other  things  being  equal,  possess  great  strength. 

Timber  bonds  seem  to  possess  unusual  advantages  over  most  forms  of 
industrials.  The  security  is  one  of  our  natural  resources  which  is  fast 
dwindling  and  fast  falling  into  a  comparatively  few  hands,  while  the 
demand  for  it  is  fast  increasing.  Timber  bonds  are  thus  secured  by  what 
approaches  a  natural  monopoly.  They  are  much  less  dependent  on  earn- 
ings than  most  industrials,  since  only  a  relatively  small  part  of  the 
equity  behind  them  lies  in  the  manufacturing  plant.  While  railroads 
and  most  forms  of  public  service  corporations  have  about  reached  the 
limit  of  their  bonded  indebtedness,  lumber  companies  have  only  just 
begun  to  issue  bonds  on  their  properties.  Consequently  much  better  bar- 
gains may  be  secured  in  such  issues,  provided  care  and  discrimination  i& 
used  in  their  selection. 

It  should  be  remembered  that  where  an  honest  appraisal  is  made  by 
competent  men  there  can  be  little  chance  for  serious  error  in  fixing  the 

■ 

amount  and  value  of  a  tract  of  timber.  Timber  is  all  above  ground. 
where  it  can  be  seen  and  measured.  Again,  timber  possesses  the  advan- 
tage of  growth,  and  (a  fact  seldom  recognized)  as  a  tree  grows  larger  its^ 
quality  improves,  so  that  the  average  value  of  its  timber  becomes  steadily 
greater.  This  fact  may  be  shown  clearly  by  the  results  of  a  series  of 
experiments  conducted  by  the  writer*  in  a  number  of  sawmills  in  the 


•  "  Grades  and  Amount  of  Lumber,"  etc.,  by  E.  A.  Braniff.    Bulletin  73,  Forest 
Service. 
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South  and  in  the  Adirondacks  of  New  York.  These  experiments  proved, 
for  example,  in  the  case  of  yellow  poplar,  that  the  average  value  of  the 
lumber  increased  $8.81  per  thousand  feet  between  a  16-inch  and  a  30- 
inch  tree.  Considering  the  increase  in  stumpage  price  alone  and  disre- 
garding growth  and  quality  increment,  an  issue  of  timber  bonds  made  at 
the  time  these  experiments  were  conducted  (seven  years  ago)  would  have 
been  at  the  moriigage  rate  of  about  $2.50  per  thousand  feet,  the  stumpage 
then  being  wori:h  about  $5  per  M  feet.  Since  that  time  this  timber  has* 
increased  to  not  less  than  $12.50  per  M  feet.  Thus  the  actual  value  of 
the  security,  assuming  that  the  bonds  were  redeemed  by  a  sinking  fund 
propori;ionately  with  the  removal  of  timber,  would  have  increased  from 
twice  to  neariy  five  times  the  bonded  debt. 

Issues  of  timber  bonds  rest  mainly  upon  stumpage.  While  the  sawmills, 
logging  equipment,  and  railroads  are  always  subject  to  the  mortgage,  yet 
it  is  the  timber  by  which  the  bond  issue  is  to  be  judged.*  The  mori^gage 
rate  on  timber  is  generally  from  40  to  50  per  cent  of  the  appraised  value. 
When  it  is  recalled  that  real  estate  mortgages  are  freely  placed  at  75  per 
cent  and  railroad  equipment  bonds  at  75  to  90  per  cent,  and  that  the 
best  timber  bonds  afford  safeguards  quite  superior  to  most  bonds  of  the 
other  two  classes,  the  mortgage  rate  on  timber  bonds  seems  extremely 
conservative.  It  is  so  conservative  indeed  as  to  discount  in  large  measure 
the  factor  of  decreased  earnings  in  hard  times.  The  timber  behind  a 
good  timber  bond,  irrespective  of  fluctuating  earnings,  is  readily  salable 
even  in  hard  times  for  a  price  far  beyond  the  mortgage  rate.  Consider, 
for  example,  a  recent  issue  of  $795,000  of  6  per  cent  first  mortgage  serial 
gold  bonds  of  a  concern  owning  a  tract  of  Douglas  fir  in  western  Oregon. 
This  concern,  because  of  the  strategic  position  of  its  properties  in  relation 
to  logging,  is  able  to  buy  logs  delivered  at  its  mill  at  $5  per  M  feet  as 
against  $7  to  $12  per  M  feet  in  other  localities.  The  timber  property 
under  mortgage  is  appraised  conservatively  at  $2.50  per  M  as  against  $3 
to  $6  valuation  of  similarly  well  located  timber  in  other  localities.  The 
mortgage  rate  is  less  than  $1  per  M  feet,  or  less  than  36  per  cent  of  the 
appraised  value  of  the  total  security.  The  sinking  fund  is  twice  the  mori;- 
gage  rate.  The  property  is  practically  immune  from  fire,  the  managers 
are  successful  men  of  long  experience  in  the  business,  and  their  record  in 
connection  with  a  previous  loan  on  another  property  has  been  exceedingly 


*  In  this  straight  timber  bonds  differ  from  bonds  of  pulp  and  paper  companies,  in 
which  a  large  part  of  the  equity  lies  in  the  very  expensive  manufacturing  plants 
and  developed  wat'r  powers.  Pulp  and  paper  mills  are  of  a  much  more  perman- 
ent nature  than  sawmills,  which  are  at  best  but  a  transitory  property. 


good.  It  would  be  difficult  to  find  an  issue  of  industrial  bonds  affording 
greater  security  combined  with  so  high  a  yield  than  such  an  issue  of 
timber  bonds.    Such  bonds  may  be  bought  for  99  to  99^4  aiid  interest. 

Ill 

Sinking  Fund — Additional  Equities — Guarantee — Bonus 

Sinking  Fund 

As  timber  bonds  are  based  upon  standing  timber^  and  as  this  timber 
is  cut  and  the  security  thereby  reduced,  it  is  necessary  to  reduce  the  in- 
debtedness in  the  same  proportion.  This  is  accomplished  by  means  of 
the  sinking  fund,  which  is  a  stated  amount  of  money  the  lumber  com- 
pany pays  to  the  trustee  for  bond  interest  and  the  reduction  of  the  in- 
debtedness. For  every  thousand  feet  of  timber  which  it  cuts  the  lumber 
company  must  pay  to  the  trustee  a  specified  sum  of  money.  The  best 
issues  provide  that  this  sinking  fund  must  be  paid  before  any  timber  on 
each  40-acre  unit  has  been  cut,  and  that  the  payment  must  be  based  on 
the  estimated  stand  of  that  40,  as  determined  by  the  cruisers*  report. 
In  other  issues,  particularly  those  of  Eastern  concerns,  sinking  fund 
payments  are  made  at  stated  intervals  of  one  to  six  months  after  cut- 
ting; in  north  woods  operations  payments  are  generally  not  required 
until  the  end  of  the  previous  winter's  logging  operations.  It  should  be 
noticed  what  terms  are  used  to  describe  the  methods  of  paying  this  sink- 
ing fund.  Some  of  the  older  bond  issues  state  that  the  sinking  fund  is 
to  be  paid  for  timber  that  has  been  "cut  and  sold" ;  in  other  words,  the 
sinking  fund  must  wait  until  the  logs  have  been  manufactured  into  lum- 
ber and  the  product  disposed  of  before  it  is  reimbursed.  This,  of  course, 
is  improper.  Generally  speaking,  however,  abundant  safeguards  are 
thrown  about  the  sinking  fund,  and  in  the  best  issues  the  conditions  re- 
quired for  its  payment  are  very  rigid.  There  is  one  notable  defect, 
however,  in  some  issues,  and  the  investor  should  guard  against  it.  The 
sinking  fund  sometimes  covers  only  timber  removed  in  logging.  Yet 
fires,  windstorms,  or  an  attack  of  insects  may  destroy  large  quantities 
of  the  timber,  and  thus  reduce  the  security  without  compensation  to  the 
bondholders. 

In  the  more  recent  issues  by  the  best  houses  it  is  provided  that  in  case 
timber  is  destroyed  by  any  cause,  the  sinking  fund  shall  be  reimbursed 
the  same  as  if  the  timber  had  been  cut.  This  point  should  be  insisted 
upon  by  the  investor  in  any  timber  bond,  as  it  is  a  protection  he  is  en- 
titled to. 
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It  is  most  interesting  to  note  in  the  various  issues  the  rate  at  which 
the  mortgage  has  been  placed  and  the  sinking  fund  established,  in  pro- 
portion to  the  appraised  value  of  the  timber.  Let  us  first  take  some  of 
the  Southern  pine  issues. 

The  issue  of  an  Arkansas  concern  is  based  mainly  on  shortleaf  pine, 
which  the  appraiser  values  at  $4  per  thousand  feet.  The  bond  issue  is 
made  on  the  basis  of  only  $1.81,  and  the  company  agrees  to  pay  into  the 
sinking  fund  for  all  timber  it  cuts  the  full  appraised  value  of  that  tim- 
ber, namely,  $4  per  M.  Furthermore,  the  sinking  fund  is  to  be  reim- 
bursed before  each  40-acre  unit  is  cut.  This  arrangement  will  result  in 
the  redemption  of  all  the  bonds  before  one-half  the  timber  is  cut. 

A  Texas  longleaf  pine  concern  values  its  stumpage  at  $4.50,  and  has 
bonded  it  at  the  rate  of  $1.81.     The  sinking  fund  rate  is  $3.50. 

Another  Texas  concern,  with  pine  and  oak,  has  mortgaged  its  pine  at 
$1.70,  although  valuing  it  at  $4,  and  its  oak  is  mortgaged  at  $1.36.  The 
sinking  fund  for  both  is  $2.50. 

One  of  the  largest  of  all  timber  issues,  amounting  to  $9,000,000,  is  at 
the  rate  of  only  $2  (which  indebtedness  has  since  been  reduced  to  $1.76 
through  the  sinking  fund),  although  its  timber  is  conservatively  valued 
at  $5.     The  sinking  fund  on  this  issue  is  $3.50. 

A  concern  owning  a  large  body  of  shortleaf  pine  in  Arkansas  values 
its  stumpage  at  $4.50.  The  bond  issue  is  at  the  rate  of  $1.96  and  the 
sinking  fund  is  $3. 

Taking  the  above  examples  and  a  number  of  other  issues  which  the 
writer  has  examined,  we  find  that  in  Southern  pine  the  average  valua- 
tion placed  by  experts  on  longleaf  is  $4.42  and  on  shortleaf  $4.12.  The 
rate  at  which  the  mortgage  has  been  placed,  considering  stumpage  alone 
and  disregarding  other  valuable  equities,  is  $1.60,  or  only  37  per  cent 
of  the  total  appraised  stumpage  value.  The  sinking  fund  on  the  above 
issues  is  at  the  average  rate  of  $3.46  per  M  feet,  or  more  than  twice  the 
bonded  rate,  and  80  per  cent  of  the  appraised  value. 

A  Chicago  house  which  has  placed  a  great  volume  of  timber  bonds 
shows  that  the  indebtedness  on  a  number  of  its  issues  has  been  reduced 
through  the  operation  of  the  sinking  fund  as  follows : 
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It  is  well  to  take  note  here  of  the  peculiar  operation  of  the  sinking 
fund  as  it  is  applied  to  timber  bonds.  With  the  mortgage  rate  at  40 
per  cent  to  50  per  cent  of  the  appraised  value,  and  the  sinking  fund  at 
80  per  cent  of  the  appraised  value,  and  with  the  estimated  stand  of  tim- 
ber from  20  per  cent  to  30  per  cent  below  the  actual  amount,  the  result 
is  that  the  entire  bond  issue  will  be  retired  usually  before  one-half  the 
timber  is  cut.  Also,  as  the  indebtedness  is  reduced  the  value  of  the 
security  remaining  increases  very  considerably  in  spite  of  the  removal  of 
timber,  so  that  in  the  later  maturities  the  indebtedness  of  the  property 
is  only  nominal.  Take,  for  example,  a  California  tract  of  redwood. 
The  timber  was  appraised  at  $2.50  when  the  bond  issue  was  made,  but 
is  now  worth  $3  to  $3.50.  The  mortgage  rate  was  only  $1,  and  the  sink- 
ing fund  is  $2.  This  sinking  fund  will  pay  off  the  indebtedness  before 
one-half  the  timber  is  cut.  It  may  be  expected  that  before  this  issue  is 
retired  the  security  will  have  advanced  close  to  $5  and  the  indebtedness 
reduced  to  10^  per  M  feet.  Unfortunately  none  of  the  bondholders 
knows  whether  he  will  continue  to  hold  his  bond  in  this  very  desirable 
property,  since  all  the  bonds  are  optional. 

Additional  Equities 

It  has  been  stated  in  connection  with  the  above  that  there  are  in  most 
cases  large  equities  beside  stumpage  on  which  bond  issues  rest.  Particu- 
larly in  the  case  of  the  well-developed  properties  of  going  concerns  there 
are  often  one  or  more  million  dollars  of  investments  in  mill  plants,  ma- 
chine and  railroad  shops,  power  plants,  trolleys,  logging  railroad  and 
equipment.  These  improvements,  it  should  be  noted,  are  vital  to  the 
earning  capacity  of  the  concern,  and,  with  proper  allowance  for  depre- 
ciation, constitute  a  valuable  asset.  The  investor  should  rfot,  however, 
give  too  great  weight  to  the  amount  of  investment  in  such  improve- 
ments, but  should  consider  as  of  first  and  foremost  importance  the 
amount  and  character  of  the  stumpage,  and  next  the  character  of  the 
men  behind  the  bond  issue  and  their  experience  and  record  as  timbermen. 
While  mill  plants  and  logging  railroads  are  just  as  vital  to  the  successful 
operation  of  a  lumbering  enterprise  as  rolling  stock  is  to  a  railroad,  yet 
their  value  exists  only  so  long  as  the  timber  supply  holds  out.  When  the 
timber  has  been  exhausted  the  improvements  are  worth  only  a  fraction 
of  what  they  originally  cost.  Besides,  mill  plants  are  extremely  bad  fire 
risks,  as  is  indicated  by  insurance  rates,  which  are  frequently  from  5  to 
10  per  cent.  The  investor  should,  therefore,  determine  whether  the 
trustee  is  responsible  for  the  maintenance  of  insurance  on  the  mill  prop- 
erties.    Conservative  lumber  companies  make  regular  annual  charges  for 
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the  depreciation  of  their  plants.  This  is  based  upon  the  estimated  life 
of  the  concern  as  determined  by  dividing  its  total  stand  of  timber  by  its 
average  annual  cut  (in  addition,  of  course,  it  must  charge  for  mainte- 
nance). It  may  safely  be  assumed  that  the  value  of  the  mill  plant  at 
the  completion  of  operations,  when  all  the  timber  is  cut,  will  hardly  be 
more  than  25  per  cent  of  its  original  cost,  and  this  should  be  the  maxi- 
mum valuation  upon  which  the  bond  issue  should  rest.  In  the  case  of 
the  logging  railroad  and  equipment,  it  should  be  noted  that  such  rail- 
roads are  necessarily  temporary  in  character  and  of  no  value  when  the 
timber  has  been  removed,  except  for  what  the  rails  and  rolling  stock  will 
bring  at  a  sale.  Therefore  the  bond  issue  should  not  rest  upon  the  face 
value  of  the  logging  railroad,  but  it  should  be  assumed  that  such  rail- 
road, like  the  mill  plant,  will  have  become  worth  only  a  fraction  of  its 
original  cost  when  the  timber  has  been  exhausted.  The  only  exception 
that  could  be  made  to  this  rule  is  in  the  case  of  a  number  of  logging  or 
tram  roads  in  the  South  which  have  become  valuable  as  feeders  to  trunk 
lines  and  have  been  acquired  by  the  latter. 

The  Ouarantee 

As  additional  security  many  timber  issues,  especially  the  later  ones, 
are  guaranteed  by  wealthy  and  responsible  lumbermen.  This  guarantee 
is  made  generally  in  the  case  of  timber  properties  in  a  more  or  less  un- 
developed state  that  have  been  acquired  for  future  operations.  Many  of 
them  are  not  so  situated  as  to  make  them  immediately  accessible  to 
present  logging  operations,  and  the  bond  interest  must  be  met  by  funds 
derived  from  other  sources.  In  such  cases  the  investor  should  carefully 
ascertain  the  responsibility  of  the  guarantees  and  their  net  worth.  It 
should  be  added,  however,  that  these  guaranteed  bonds  are  usually  based 
on  properties  that  will  certainly  be  logged  very  shortly.  The  state  of 
the  lumber  market  when  these  bonds  were  issued  may  not  have  been 
favorable  for  developing  the  property,  and  the  men  who  issued  the  bonds 
preferred  to  pay  the  interest  charges  out  of  other  funds  and  wait  until 
times  were  more  propitious.  Broadly  speaking,  however,  every  timber 
bond  should  be  judged  strictly  on  its  own  merits,  irrespective  of  the 
guarantee.  If  the  bond  is  a  good  bond  it  needs  no  guarantee  to  make  it 
salable. 

The  Bonus 

The  advantages  of  legitimate  timber  bonds  have  become  so  well  under- 
stood in  the  West  and  South  as  to  make  them  readily  salable,  so  that  an 
jssu^  floated  by  any  one  of  the  several  conservative  bond  houses  who 
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specialize  in  these  securities  soon  finds  its  market.  There  are,  however, 
a  few  issues  which  as  a  special  inducement  offer  a  considerable  bontui 
in  the  fonn  of  a  certain  per  cent  of  the  common  stock — usually  50  per 
cent.  The  offer  of  a  bonus  is  usually  an  indication  of  watered  stock. 
A  timber  bond,  if  it  is  a  good  bond,  should  sell  on  its  own  merits  as  a 
bond,  without  a  bonus.  Adding  a  bonus  is  like  putting  a  prize  in  the 
breakfast  food — the  quality  of  the  breakfast  food  may  be  regarded  with, 
suspicion.  In  nearly  all  cases  the  bonus  is  offered  on  issues  of  uncom- 
pleted properties  where  funds  are  needed  to  put  in  the  mill  plant  and 
logging  railroad.  In  several  instances  corporations  with  large  timber 
concessions  in  Mexico  and  Central  America  offer  large  stock  bonuses. 
Their  securities  will  be  let  alone  by  the  conservative  investor. 

IV 

The  Redemption  Feature 

Practically  all  timber  bonds  of  merit  include  the  optional  or  redemp- 
tion feature — that  is,  they  may  be  called  and  paid  off  by  the  concern 
issuing  them  on  any  interest  date  after  due  notice.  Some  bonds  are 
callable  by  lot ;  others  in  regular  order  according  to  number ;  others  in 
reverse  of  their  numerical  order — that  is,  the  largest  numbers  are  re- 
deemed first.  But  since  these  large^  numbers  are  the  oldest  maturing 
bonds,  an  investor  buying  a  bond  due  in  20  years  may  have  his  bond  paid 
off  in  six  months !  It  is  true  that  in  some  issues  an  attempt  has  been 
made  to  fix  an  interval  during  which  no  bonds  will  be  redeemed,  but  this 
is  always  in  the  case  of  undeveloped  properties  where  time  is  desired  for 
construction. 

The  reasons  why  all  timber  bonds  are  short-term  bonds  of  uncertain 
maturity  are  most  interesting.  "The  feature  of  short  maturities,*'  writes 
a  prominent  timber  bond  house,  "seems  to  be  unavoidable  in  connection 
with  loans  to  the  large  timber  interests.  From  the  fact  that  they  are 
cutting  timber  on  land  covered  by  mortgages  it  is  necessary  to  require  a 
sinking  fund  deposit,  and  the  serial  form  of  bond  is  most  desirable,  as  it 
does  away  with  tying  up  funds  in  the  hands  of  the  trustee." 

The  above  argument  is  sound,  so  far  as  it  goes.  Let  us,  however, 
analyze  the  matter  a  little  further.  The  timber  companies  who  have 
mortgaged  their  properties  during  the  past  10  years  realize  the  inevitable 
advance  of  stumpage  prices  and  the  enormous  future  value  of  large,  well- 
located  timber  tracts.  These  men  know  that  before  the  maturity  of 
their  oldest  bonds  the  security  will  have  grown  to  many  times  the  mort- 


70  PROCEEDINGS  OF  THE  SOCIETY  OF  AMERICAN  FORESTERS 

gage  amount,  and  that  the  investing  public  will  realise  better  than  now 
the  attractiveness  of  timber  bonds.  Timbermen,  therefore,  prefer  to  pay 
a  premium  for  the  privilege  of  calling  and  redeeming  their  present  bonds 
rather  than  burden  their  operations  w^'^h  a  high  rate  of  interest  extend- 
ing over  a  long  time.  This  is  why  the  sinking  fund  is  so  high.  Consider 
the  Southern  pine  concern  above  referred  to,  which  has  mortgaged  its 
properties  for  $1.80  per  M  feet,  the  timber  being  actually  worth  and 
salable  at  $5  per  M  feet,  with  an  absolute  certainty  of  appreciation  in 
the  next  few  years.  By  papng  back  to  the  sinking  fund  $4  for  what  it 
cuts,  this  concern  is  in  a  position  to  retire  its  bond  issue  very  rapidly, 
should  that  be  desirable  for  its  own  interests.  In  hard  times,  when 
money  rates  are  low  and  profits  small,  the  company  will  greatly  reduce 
its  cut  and  pay  no  more  into  the  sinking  fund  than  necessary  to  redeem 
the  bonds  that  are  about  to  mature ;  but  when  times  are  good,  demand  is 
booming,  profits  very  great  and  everybody  making  money,  the  company 
will  greatly  increase  its  cut,  putting  in  more  logging  camps,  running 
the  mill  double  shift,  and  thus  acquire  a  sinking  fund  which  will  enable 
it  to  retire  a  great  part  of  its  bonds.  This  puts  it  in  a  position  when 
the  reaction  sets  in  and  times  again  grow  hard  to  float  another  bond 
issue,  if  deemed  expedient,  on  much  more  favorable  terms  than  the  first. 

The  feature  of  short  and  uncertain  maturities,  so  desirable  to  one  class 
of  investors,  is  wholly  undesirable  to  another.  It  would,  for  instance,  be 
injudicious  for  the  head  of  a  family  desiring  an  investment,  the  yield  of 
which  would  support  his  widow  or  children  after  his  own  death,  to  place 
his  money  in  timber  bonds.  Such  bonds  would  likely  be  paid  oflE  before 
maturity.  In  any  event,  the  inexperienced  holders  would  sooner  or  later 
be  compelled  to  take  the  perilous  step  of  reinvesting  their  funds.  Short- 
term  bonds  do  not  meet  the  needs  of  the  great  class  of  conservative  in- 
vestors, but  only  the  special  needs  of  banks,  of  business  men  and  others 
who  are  capable  of  exercising  discretion  in  their  choice  of  a  security. 
In  times  of  business  depression,  when  bonds  of  all  classes  are  cheapest, 
it  is  considered  to  be  the  part  of  financial  wisdom  to  buy  long-term 
bonds,  just  as  it  is  judicious  in  times  of  great  prosperity  to  put  surplus 
funds  into  short-term  notes  or  in  paper  maturing  at  an  early  date.  Tim- 
ber bonds  have  many  strong  points  to  recommend  them,  but  it  is  well 
that  their  limitations  should  also  be  thoroughly  understood. 

Reference  was  made  above  to  the  high  sinking  fund  rate  and  the  oppor- 
tunity afforded  lumber  companies  to  retire  their  indebtedness  by  increas- 
ing their  cut.  The  caution  which  must  be  exercised  in  that  plan  is  that 
the  sinking  fund  be  not  too  high,  for  the  concern  which  agrees  to  pay  to 
the  trustee  for  the  redemption  of  its  bonds  a  certain  specified  sum  per  M 
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feet  of  timber  cut  is  virtually  agreeing  to  charge  its  operations  with  that 
price  on  its  stumpage,  and  the  price  may  be  too  high  to  admit  of  any 
profit  in  periods  of  business  depression.  The  investor  should  not  be 
misled  by  the  rate  per  M  feet  of  the  sinking  fund  into  believing  that  the 
higher  the  rate  the  greater  the  security ;  in  some  cases  the  contrary  may 
be  true.  A  high  sinking  fund  allows  the  company  to  retire  its  bonds 
quickly^  but  may  be  so  high  as  to  embarrass  the  concern  when  lumber 
prices  are  low.  Before  fixing  the  amount  of  its  sinking  fund  the  com- 
pany should  carefully  consider  what  is  the  highest  price  it  can  possibly 
afford  to  pay  for  stumpage  during  a  period  of  dull  times^  when  demand 
is  very  sluggish  and  prices  are  as  low  as  they  can  reasonably  be  ex- 
pected to  reach. 

This  factor  changes  widely  with  the  section  of  coimtry  in  which  oper- 
ations are  being  conducted  and  with  the  kind  of  timber  cut.  In  the  case 
of  cypress,  yellow  poplar,  spruce,  white  pine  and  other  woods  whose 
amount  is  limited  and  ownership  of  which  is  in  strong  hands,  prices  are 
well  maintained  at  all  times,  and  the  sinking  fund  may  be  fixed  at  a 
fairly  high  rate.  But  in  the  case  of  Douglas  fir,  Washington  red  cedar, 
Southern  pine,  hemlock,  etc.,  where  there  is  usually  overproduction  and 
violent  price  fluctuations,  and  where  profits  may  be  entirely  wiped  out 
during  dull  times,  the  fixing  of  the  sinking  fund  should  be  done  with 
caution.  Personally,  the  writer  would  not  favor  a  sinking  fund  on 
Douglas  fir  at  present  in  excess  of  $1.75  for  the  very  best  timber.  For 
ordinary  timber  $1  is  quite  high  enough.  The  sinking  fund  for  long- 
leaf  pine  should  rarely  exceed  $3.50.  In  the  case  of  Northern  white 
pine  or  the  Idaho  white  pine,  a  sinking  fund  of  $5  to  $7.50  for  the 
former  and  $4  to  $5  for  the  latter  would  be  conservative  under  ordinary 
circumstances. 

The  ideal  function  of  the  sinking  fund  is  to  reduce  the  indebtedness 
at  the  same  rate  at  which  the  security  is  reduced,  but  in  practice  this 
sinking  fund  is  so  large  in  proportion  to  the  mortgage  as  to  retire  the 
bonds  long  before  all  the  timber  is  cut. 

The  next  important  step  in  the  process  of  improving  timber  bonds  will 
likely  be  taken  in  the  direction  of  lengthening  the  maturities.  When- 
ever conditions  have  become  right  for  private  owners  of  timber  to  con- 
serve their  holdings,  the  character  of  timber  bonds  will  refiect  the  change 
in  a  reduced  sinking  fund  rate,  a  different  application  of  that  sinking 
fund  and  the  gradual  elimination  of  the  optional  feature.  In  the  mean- 
time it  is  not  improbable  that. various  substitutes  will  be  found  for  the 
present  arbitrary  method  of  redemption.  It  may,  for  example,  be  found 
feasible  to  issue  timber  bonds  convertible  when  called  into  cumulative 
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preferred  stock  of  the  company  at  the  option  of  the  holder;  or  the  sink- 
ing fund  may  be  invested  in  additional  timber  under  the  supervision  of 
the  trustee  at  a  fixed  rate,  the  lumber  company  paying  the  additional 
amount  required. 


The  Expert  Examination 

The  backbone  of  a  timber  bond  issue  is  the  timber  on  which  the  mort- 
gage rests.  No  bond  house,  bank,  or  other  conservative  investor  would 
think  of  investing  in  the  securities  of  an  electric  light  and  power  con- 
cern, for  example,  or  a  gas  or  traction  company,  without  having  pre- 
viously read  and  digested  the  report  of  the  expert  engineer  who  exam- 
ined the  property.  It  is  equally  important  that  the  report  of  the  timber 
appraiser  should  be  read  and  digested,  and  that  due  weight  be  given  to 
the  reputation  of  the  examiner  for  his  expertness  in  such  matters  and  for 
his  integrity. 

In  the  past  too  many  bond  issues  have  been  made  upon  an  insuflficient 
examination  and  report.  This  was  mainly  because  the  bond  houses  sell- 
ing the  securities  were  not  timbermen  and  lacked  adequate  knowledge  of 
the  factors  which  go  to  make  timber  valuable.  It  is  not  altogether  a 
question  of  how  much  timber  there  is  on  the  tract.  The  problem  of 
its  character  and  quality  is  equally  important.  Its  location  with  refer- 
ence to  logging,  to  the  cost'  of  putting  in  an  adequate  transportation 
system,  the  cost  of  getting  logs  to  the  mill,  the  problem  of  storage,  the 
cost  of  milling,  location  of  the  plant  with  reference  to  markets,  charac- 
ter of  the  management,  etc. — all  these  factors,  or  any  one  of  them,  may 
be  vital.  Such  matters  must  be  studied  thoroughly  and  passed  on  by 
the  expert  who  looks  over  the  property.  It  is  self-evident  that  this  is  no 
task  for  the  mere  land-looker  and  timber  cruiser.  Yet  in  the  past  a 
considerable  volume  of  timber  bonds  were  actuallv  sold  on  no  more  thor- 
ough  examination  of  the  bonds  than  that  which  an  ordinary  timber 
cruiser  was  capable  of  giving  it.  Issues  of  most  Eastern  concerns  are 
deficient  in  this  respect.  Thus  we  find  that  one  of  the  largest  Eastern 
bond  issues,  that  of  a  New  England  concern,  is  based  upon  the  cruise  of 
a  land-looker  employed  by  the  lumber  company.  No  logging  and  milling 
costs  whatever  are  given,  no  detailed  description  of  how  the  timber  is 
handled — ^nothing  even  approximating  the  definiteness  and  precision  of 
an  engineer's  report. .  In  other  issues  the  investor  is  asked  to  content 
himself  with  the  mere  statement  that  the  timber  "has  been  examined  by 
competent  cruisers/' 
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Western  bond  houses  which  specialize  in  these  securities  have  per- 
formed a  notable  service  to  their  business  by  raising  the  character  of  the 
examination  which  is  now  given  to  properties  whose  bonds  they  under- 
take to  sell.  The  best  houses  employ  experts  who  carefully  examine  the 
timber  or  supervise  the  examination  of  it,  investigate  the  whole  property, 
and  report  fully  on  its  more  important  aspects.  It  is  comparatively 
simple  to  find  men  capable  of  making  rough  estimates  of  the  amount  of 
timber  on  a  given  tract,  but  quite  a  different  thing  to  secure  men  able  to 
size  up  a  large  lumbering  proposition  and  determine  with  good  judgment 
what  are  its  favorable  and  unfavorable  points. 

The  average  investor  in  timber  bonds  will  not  care  to  examine  into 
the  technical  features  of  a  timber  cruiser's  work.  He  will  be  mainly 
concerned  in  knowing  that  the  cruise  was  thorough.  Any  Western  bond 
house  will  gladly  furnish  the  full  reports  of  its  cruisers  on  any  of  its 
timber  bond  issues.  In  many  cases  the  experts  employed  by  these 
houses  do  not  actually  cruise  all  of  the  timber,  but  merely  check  occa- 
sional forties  cruised  by  the  lumber  companies.  Inasmuch  as  the  ex- 
pense of  cruising  and  appraising  the  property  falls  entirely  on  the  com- 
pany seeking  the  loan,  there  is  no  incentive  for  the  bond  house  to  slight 
this  part  of  the  work,  and  as  a  rule  it  is  very  thoroughly  done. 

The  appraiser  is  expected  to  examine  carefully  into  the  efficiency  of 
the  mill  plant,  the  logging  plant  and  equipment,  and  the  management 
as  a  whole.  He  goes  over  the  mill  plant  and  inspects  its  location  with 
reference  to  convenience  and  economy,  the  character  of  construction, 
kind  of  machinery  used,  etc.  He  should  also  inspect  the  lumber  to  learn 
whether  it  is  properly  manufactured  and  piled.  The  location,  character, 
and  capacity  of  the  dry  kilns,  planing  mill,  etc.,  are  also  considered. 

An.  inspection  is  also  made  of  the  logging  department.  This  includes 
methods  of  handling  logs,  transportation  system,  and  costs.  The  in- 
spection should  determine  whether  the  cutting  is  efficiently  and  not  waste- 
fully  done ;  whether  everything  merchantable  is  got  out  of  the  woods,  all 
logs  picked  up,  the  skidding  and  loading  and  the  transportation  eco- 
nomically conducted. 

In  the  best  organized  concerns  there  are  always  a  few  weak  points. 
One  of  the  most  important  features  to  examine  is  the  selling  end  of  the 
organization.  The  best  bond  houses  insist  on  a  careful  audit  of  the 
books  of  a  lumber  concern  seeking  a  loan.  The  auditor^s  report  should 
show  comparative  costs,  gross  profits,  expenses,  net  profits,  etc.,  covering 
several  years. 

For  the  conscientiousness  with  which  all  such  work  is  done  the  in- 
vestor must  depend  absolutely  on  the  bond  house. 
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VI 

Hazards  from  Fire,  Windstorm,  and  Insects 

The  principal  risk  which  a  purchaser  of  timber  assumes  is  from  de- 
struction or  damage  to  his  property  by  fire,  insect  pests,  or  windstorm. 
These  hazards  vary  in  different  parts  of  the  country  and  with  different 
species. 

The  most  conspicuous,  though  not  in  all  cases  the  gravest  danger,  is 
that  of  forest  fires.  Every  summer  and  fall  the  newspapers  contain 
many  dispatches  concerning  the  destruction  of  timber  by  fire,  and  esti- 
mates are  often  attempted  at  the  time  as  to  the  value  of  such  timber 
destroyed.  Such  estimates  are  almost  always  the  wildest  kind  of  guess- 
work, and  no  credence  whatever  is  to  be  placed  in  them.  The  amount 
of  timber  destroyed  by  a  fire  is  impossible  to  ascertain  in  any  definite 
manner  until  a  considerable  time  after  the  fire  has  passed  through  the 
woods,  and  then  only  by  the  most  careful  inspection.  Fires  vary  greatly 
in  their  intensity  and  species  differ  in  their  susceptibility  to  fire.  A  fire 
may  pass  through  the  woods,  burning  over  only  the  grass  and  under- 
brush and  killing  a  few  small  seedlings,  leaving  the  mature  timber  un- 
harmed. Such  fires  are  habitual  in  the  Southern  pine  forests,  and  every 
one  takes  them  as  a  matter  of  course.  The  longleaf,  loblolly,  or  short- 
leaf  pine,  are  great  fire  resisters,  and  unless  the  tree  has  been  tapped  by 
the  turpentine  man  no  damage  results.  It  is  true  that  the  young  growth 
is  killed  or  kept  down,  but  such  material  does  not  figure  in  the  valuations 
on  which  timber  bonds  rest. 

In  the  Lake  States  and  in  the  Rocky  Mountain  country,  and  the  east 
slopes  of  the  Cascade  Mountains,  forest  fires  are  apt  to  be  especially 
severe.  White  pine  and  hardwoods  are  species  particularly  susceptible 
to  fires,  and  in  regions  where  such  timber  grows  the  fires  are  apt  to  be 
most  frequent  and  difficult  to  contend  with.  For  example,  the  year  1910 
was  an  especially  bad  year  in  Idaho  and  Montana,  and  great  losses  were 
sustained  by  timber-land  owners  and  by  the  Government.  The  latter 
lost  several  billions  of  feet  of  fine  timber  on  its  National  Forests  in  these 
two  States. 

On  the  Pacific  coast  much  timber  is  lost  every  year  by  forest  fires. 
It  is  interesting  to  note  the  references  in  the  bond  circulars  concerning 
Douglas  fir  properties,  that  because  such  timber  is  "in  the  fog  belt"  it  is 
not  in  danger  from  forest  fires.  It  is  true  that  the  fire  season  on  the 
coast  is  comparatively  short,  lasting,  as  a  rule,  from  early  in  July  until 
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late  in  October;  but  in  these  three  months,  in  an  especially  dry  year, 
great  destruction  may  occur. 

There  are  no  reliable  figures  on  the  damage  sustained  by  forest  fires. 
Each  year  the  Government  reports  the  total  number  of  fires  on  its 
National  Forest,  and  endeavors  to  give  the  acreage  burned  over  and  the 
amount  of  timber  destroyed,  but  such  figures  are  not  convincing,  inas- 
much as  they  can  give  no  reliable  estimates  of  damage  done.  Besides, 
the  Government  owns  but  a  small  percentage  of  the  standing  timber  of 
the  country,  and  on  the  whole  takes  much  better  care  of  it  than  does  the 
private  owner.  The  following  figures  show  the  amount  of  land  burned 
over  for  each  1,000  acres  under  administration  of  the  Forest  Service  in 
recent  years: 

1905 2.86  acres. 

1906 1.26 

1907 1.40 

1908 2.46 

1909 1 .86 

1910 26.87 

It  will  be  seen  that  in  spite  of  the  decided  improvement  made  in  fire 
protection  service  in  recent  years,  a  bad  year  may  result  in  fires  many 
times  more  extensive  than  in  average  years. 

It  is  not  possible  to  insure  standing  timber  against  fire  in  this  coun- 
try.* The  bondholder,  therefore,  must  assume  this  risk,  it  being  stipu- 
lated in  the  best  bond  issues  that  for  timber  destroyed  by  fire  the  sinking 
fund  must  be  reimbursed  the  same  as  if  such  timber  had  been  cut  and 
manufactured.  A  difficulty  here  is  that  a  great  deal  of  timber  may  be 
fire-killed  without  the  trustee  knowing  anything  about  it.  Fires  do  not 
ordinarily  strip  a  large  tract  of  its  entire  stand  or  any  considerable  part 
of  it.  A  forest  fire  usually  bums  in  spots,  burning  over  a  section  here, 
a  forty  there,  killing  much  timber  in  some  places  and  very  little  in  others. 
It  may  be  a  year  or  two  after  the  fire  before  the  exact  amount  of  damage 
done  may  be  ascertained.  The  fire  may  occur  in  places  where  it  is  feasi- 
ble to  cut  the  burned  area  before  the  worms  get  in  and  the  trees  deterio- 


*The  only  instance  the  wriler  knows  of  in  which  a  lumber  coinpAny  on  this 
continent  has  insured  standin}?  tiinl)er  is  that  of  Price  Bros.  <&  Co.,  Ltd  ,  Quebec. 
This  concern  is  over  100  years  old,  and  more  than  one-half  of  its  $5,000,000  stock 
is  in  the  hands  of  the  Price  family.  It  has  bonde<l  its  properties  in  the  sum  of 
$6,000,000.  The  timber  limits  have  boeii  divided  into  fifteen  groups  and  fifteen 
policies  have  been  taken  out  in  Lloyd's  against  forest  fires.  Tlie  company  al<^o 
maintains  a  fire  patrol  system  and  is  practicing  a  system  of  conservation  of  its 
timber  holdings  in  the  Province  of  Quebec. 
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rate ;  or  it  may  be  in  places  where  logging  the  tract  would  be  attended  by 
such  expense  that  the  whole  proposition  had  better  be  abandoned  and  the 
owners  pocket  their  present  loss. 

Within  the  past  few  years  a  great  deal  has  been  done  by  timber-land 
owners,  both  individually  and  by  means  of  organizations,  to  limit  forest 
fire  losses.  Big  timber  companies,  especially  in  the  West,  almost  in- 
variably maintain  fire  patrols  in  the  dangerous  months.  Such  concerns 
have  also  united  and  formed  associations  with  organized  crews  of  patrol- 
men and  fire  fighters,  dividing  the  expense  of  the  work  pro  rata  accord- 
ing to  acreage.  The  central  organization  of  these  various  State  organi- 
zations is  the  Western  Forestry  and  Conservation  Association,  whose 
purpose  is  to  "afford  central  facilities  for  all  associations  devoting  organ- 
ized effort  to  conservation  of  forest  resources,  reforestation,  or  protection 
of  forests  from  fire  in  Montana,  Idaho,  Washington,  Oregon,  and  Cali- 
fornia.^* 

To  summarize :  It  is  impossible  to  state  in  any  definite  way  the  amount 
of  fire  hazard  assumed  in  the  ownership  of  standing  timber,  but  there 
are  very  few  instances  of  total  destruction  of  timber  over  a  large  area, 
and  the  danger  is  greatly  decreased  by  proper  patrol.  In  the  Southern 
pine  regions  the  danger  from  fires,  as  far  as  merchantable  timber  is  con- 
cerned, is  practically  negligible.  On  the  Pacific  coast,  in  Douglas  fir 
forests,  and  in  the  redwood  forests  of  California,  the  danger  is  slight, 
and  is  greatly  reduced  by  membership  in  one  of  the  associations  organ- 
ized for  fire  protection.  In  the  I^ake  States,  in  Idaho,  Montana,  and 
eastern  Washington  and  Oregon,  the  danger  is  much  greater.  There- 
fore the  investor,  before  purchasing  timl)er  lands  based  on  such  proper- 
ties, should  assure  himself  that: 

1.  The  company  maintains  an  adequate  fire  patrol  system  of  its  own 
or  belongs  to  one  of  the  associations  organized  for  fire  protection. 

2.  The  company  has  stipulated  in  its  mortgage  to  reimburse  the  sink- 
ing fund  for  timber  destroyed  by  fire  at  the  same  rate  as  if  the  timber 
had  been  cut  and  manufactured. 

3.  The  whole  property  is  so  accessible  that  in  the  event  of  a  serious 
fire  it  would  be  feasible  to  put  in  logging  camps  and  get  the  timber  out 
before  serious  deterioration  occurred.  This  point  should  invariably  be 
covered  in  the  expert  examination  of  the  property. 

The  amount  of  damage  done  to  forests  by  windstorms  or  by  storms, 
followed  by  insect  attacks,  is  also  considerable,  and  constitutes  in  some 
regions  more  of  a  hazard  than  fire.  The  writer  has  in  mind  a  particular 
instance.  On  the  ^lenominee  Indian  Eeaervation,  Wisconsin,  a  great 
windstorm    in   July,    1905,    uprooted    and    otherwise    destroyed    about 
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60,000,000  feet  of  hardwoods,  hemlock,  and  white  pine.  Before  this 
timber  could  be  logged  and  manufactured  a  large  part  of  it  had  become 
completely  worthless. 

In  September,  1906,  a  vast  amount  of  pine,  probably  about  3,000,- 
000,000  feet,  was  blown  down  in  Mississippi,  and  much  of  this  timber 
was  a  total  loss.* 

In  May,  1907,  near  Tuscaloosa,  Ala.,  a  storm  blew  down  about  800,000 
feet  of  pine. 

On  April  24,  1908,  a  great  cyclone  passed  through  Mississippi  and 
Alabama,  blowing  down  a  strip  of  timber  from  one  to  two  miles  wide 
in  one  of  the  finest  timbered  regions  in  these  States.  Many  millions  of 
feet  of  timber  were  destroyed.  About  the  same  time  two  storms  occurred 
in  Arkansas,  both  of  which  were  very  destructive  to  the  pine  timber. 

In  the  Southern  pine  woods  timber  blown  down  in  the  summer  is  at 
once  attacked  by  insects,  which  quickly  cause  great  deterioration ;  so  that, 
considering  the  increased  cost  of  logging  caused  by  the  splintered  wreck- 
age scattered  about  in  the  woods,  the  loss  is  often  a  total  one.  In  most 
cases,  indeed,  lumbermen  will  decide  against  handling  timber  that  has 
been  for  a  few  months  lying  on  the  ground  as  a  result  of  a  storm. 

While  forest  fire  hazard  is  so  conspicuous  in  some  sections  of  the  coun- 
try that  the  mortgage  usually  protects  the  timber  bondholder  against 
such  a  contingency,  yet  insect  damage  is  too  often  disregarded  as  being 
too  remote  to  be  considered.  Yet,  in  the  light  of  past  experience,  it 
would  seem  to  be  wise  to  embody  a  provision  in  the  mortgage  protecting 
the  bondholders  from  all  damage  to  timber  by  natural  causes,  such  as 
fires,  storms,  insect  attacks,  etc.  In  carefully  drawn  mortgages  this  is 
now  done.  And  yet  this  danger  still  presents  itself,  namely,  destruction 
of  timber  by  attacks  of  insects  is  generally  so  inconspicuous  a  happening 
that  it  may  go  on  for  years  and  cause  a  great  deal  of  dainage  without 
special  attention  being  called  to  it.  It  is,  therefore,  highly  desirable  that 
the  trustee  for  a  bond  issue  should  maintain  a  systematic  inspection  of 
timbered  areas  subject  to  its  bond  issues,  and  that  its  inspectors  should 
make  periodic  inspections  not  only  of  the  cut-over  areas,  but  over  the 
entire  forest  as  well. 

VII 

Conclusions 

There  are  fashions  in  securities,  as  in  other  merchandise.  At  present 
timber  bonds  are  highly  regarded,  and  quantities  of  them  are  being  sold. 


•  See  Bulletin  58,  Part  IV,  Bureau  of  Entomology. 
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The  private  investor  who  does  not  care  to  place  his  money  these  bad 
times  in  a  business  venture,  and  who  is  not  satisfied  with  the  low  in- 
terest rates  which  banks  are  now  paying,  is  attracted  by  these  features 
of  timber  bonds,  namely: 

1.  The  security,  which  is  usually  ample. 

2.  The  interest,  which  is  6  per  cent. 

3.  The  probability  of  having  his  bond  called  before  maturity  at  a 
premium. 

4.  The  fact  that  bonds  may  be  purchased  maturing  at  a  time  when  the 
investor  anticipates  using  his  funds  for  some  other  purpose. 

Timber  bonds  as  a  commodity  afford  unusual  opportunities  for  profit. 
The  bond  market  has  been  good,  and  coupled  with  this  is  the  fact  that 
for  a  long  time  the  lumber  business  has  been  in  a  state  of  depression  and 
the  weaker  concerns  are  badly  in  need  of  funds.  These  conditions  have 
resulted  in  a  large  increase  in  the  number  of  concerns  dealing  in  timber 
securities.  Bond  houses  and  private  banking  firms  are  the  legitimate 
sources  of  relief  for  timber-holding  concerns  who  desire  raising  money 
on  their  properties  for  legitimate  purposes.  As  a  matter  of  fact,  the 
dull  times  have  driven  a  number  of  lumber  companies,  including  even 
wholesale  concerns,  into  the  timber  bond  business.  Some  of  the  issues 
offered  for  sale  by  such  concerns  are  utterly  ujisafe  and  the  bonds  will 
likely  default.  As  an  example  of  the  character  of  offerings  of  such  con- 
cerns the  following  will  serve: 

A  Western  concern  is  now  offering  bonds  on  Pacific  coast  timber  lands 
which  are  not  being  operated.  The  company  buys  a  timber  tract,  cruises 
it,  and  issues  bonds  on  it,  after  having  conveyed  the  property  by  trust 
deed  to  a  local  trust  company.  The  company  agrees  to  pay  a  low  rate  of 
interest  on  the  bonds,  and,  in  addition,  to  turn  over  to  the  bondholders 
two-thirds  of  any  profits  arising  out  of  the  sale  of  the  property,  retaining 
one-third  of  such  profits  for  its  own  services.  In  brief,  the  company 
hopes  to  attract  investors  by  the  opportunity  of  sharing  in  the  rise  of 
Pacific  coast  stumpage  values.  The  above  proposals  do  not  come  within 
the  narrow  restrictions  of  the  investment  principle.  They  are,  on  the 
contrary,  speculation  of  a  particularly  dangerous  sort.  Of  course,  no 
one  with  any  knowledge  of  Pacific  coast  stumpage  would  be  apt  to  risk 
his  money  in  any  such  ventures,  particularly  after  analyzing  the  loose 
terms  with  which  the  proposals  are  put  forth.  Such  literature  is  de- 
signed to  catch  the  unwary  and  uninformed. 

The  following  rules  for  the  guidance  of  investors  in  timber  bonds  are 
simple  and  fundamental: 
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1.  Buy  no  timber  bonds  except  such  as  are  offered  by  the  established 
bond  houses  and  banking  firms  that  have  dealt  in  such  securities  for  at 
least  three  or  four  years,  understand  the  business,  and  recommend  their 
issues. 

2.  Buy  no  timber  bonds  that  are  not  regarded  by  your  bank  as  safe 
purchases.     Consult  your  bank  in  every  case. 

3.  Buy  no  timber  bonds,  as  a  rule,  carrying  with  them  a  bonus  of 
stock.  Such  bonds  may  be,  and  often  are,  safe  purchases,  and  the  stock 
may  ultimately  become  valuable.  But  they  are  not  the  most  conserva- 
tive issues  and  come  within  the  speculative  class. 

4.  Under  no  circumstances  buy  timber  bonds  which  embody  the  oppor- 
tunity, real  or  supposed,  of  participating  in  speculative  profits  from  the 
sale  of  the  bonded  properties. 

5.  Preference  should  be  given  to  bonds  secured  by  properties  of  oper- 
ating lumber  concerns,  especially  those  that  have  shown  for  a  long  period 
substantial  profits  in  bad  as  well  as  in  good  times.  It  is  an  especially 
strong  point  in  a  bond  issue  where  it  can  be  shown  that  the  mill  has,  in 
periods  of  depression,  when  the  market  was  unprofitable,  curtailed  its 
output  greatly.  Such  a  policy  ordinarily  shows  that  the  concern  is  in  an 
independent  position. 

6.  Other  things  being  equal,  it  is  better  to  purchase  bonds  forming 
part  of  a  large  issue  than  of  a  small  one,  for  the  reason  that  the  former 
are  more  readily  marketable  and  more  apt  to  command  a  premium. 

7.  Bonds  on  properties  least  subject  to  fire,  windstorm,  and  insect 
attacks  are  preferable.  In  every  case,  however,  such  hazards  should  be 
assumed  by  the  company  issuing  the  bonds. 


^   I 


THE  CATALPA  SEPTUM 
A  Factor  in  Distinguishing  Hakdy   Catalpa 

BY  WILLIAM  H.  LAMB 

(Contributed) 

Tlie  purpose  of  this  discussion  is  to  select  a  single  character,  by  means 
of  which  those  who  are  unfamiliar  with  the  technique  of  botany  may  be 
able  to  distinguish  hardy  catalpa  (Catalpa  speciosa)  from  the  common 
catalpa  (Catalpa  catalpa). 

Many  plant  species  are  not  distinguished  by  one  character  alone,  but 
by  the  combination  of  numerous  small  but  constant  differences.  Unfor- 
tunately this  is  true  of  our  two  species  of  catalpa.  Very  unlike  in 
silvical  qualities,  these  two  forms  are  extremely  similar  in  botanical 
characteristics.  In  fact,  the  leaves,  flowers,  seeds,  and  even  the  pods, 
are  so  nearly  alike  that  the  identity  of  a  specimen  may  often  prove  puz- 
zling, even  to  one  who  has  an  excellent  knowledge  of  our  forest  trees. 

It  is  practically  impossible  to  distinguish  between  the  two  species  of 
catalpa  from  the  leaves  alone.  It  is  true  that  the  leaves  of  common 
catalpa  are  stronger  scented  and  not  quite  so  long  pointed  as  those  of 
hardy  catalpa,  but  these  distinctions  are  very  slight,  and,  being  entirely 
relative,  are  practically  of  no  value. 

The  flowers  furnish  a  better  means  of  identification.  Those  of  com- 
mon catalpa  are  thickly  spotted  on  their  inner  surface,  and  the  lower 
lobe  of  the  corolla  (the  white  part  of  the  flower)  is  not  notched,  while 
those  of  hardy  catalpa  are  not  so  thickly  spotted  and  the  lobe  of  the 
corolla  is  slightly  notched.  But  catalpa  flowers  are  fragile  and  only 
available  for  a  short  time  in  the  spring,  and  even  then  such  distinctions 
are  of  little  value  except  as  a  means  of  comparison. 

Identification  from  the  seeds  alone  is  most  difficult.  These  two  spe- 
cies have  seeds  so  very  much  alike  that  although  the  two  forms  may 
often  be  separated  when  placed  side  by  side,  yet  with  a  single  specimen 
at  hand  specific  identification  is  most  precarious. 

The  pods  are  essential  for  positive  identification ;  but  even  with  these 
it  is  difficult  to  distinguish  the  species  because  of  their  extreme  variabil- 
ity in  size.  In  general  the  pods  of  hardy  catalpa  are  larger  than  those 
of  common  catalpa.  However,  pods  of  common  catalpa  are  found  prac- 
(80) 
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tically  ae  large  as  the  largest  of  the  hardy  catalpa.  According  to  Dr. 
Sargent,*  the  pode  of  hardy  catalpa  are  8  to  30  inches  long  and  thoae 
of  common  catalpa  6  to  20  inehee  in  length.  So  the  size  of  the  pod  is 
absolutely  of  no  value  as  a  distinguishing  feature. 

There  is,  however,  one  character  which  Hucms  to  be  entirely  depend- 
able— the  septum. 


The  septum  is  the  long,  wrinkled  partition  in  the  pod,  along  which 
the  seeds  are  arranged.  This  septum,  or  pod-partition,  may  be  flat  or 
rounded  in  general  outline,  and  this  variation  in  shape  furnishes  a  val- 
uable means  of  distinguishing  hardy  catalpa. 

The  septum  of  hardy  catalpa,  an  enlarged  section  of  which  is  shown 
diagrammatically  by  figure  1,  is  rounded  in  general  outline.  The  sep- 
tum of  common  catalpa  (figure  3)  is  only  thickened  along  the  middle. 
On  account  of  the  fact  that  the  septum  is  very  irregular  and  not  of  uni- 
form thickness  throughout,  places  may  be  found  in  the  septum  of  hardy 
catalpa  that  are  considerably  flattened,  approaching  the  shape  shown  by 
figure  2,  but  no  pod  of  common  catalpa  has  ever  been  observed  by  the 
writer  with  a  septum  as  thick  in  any  place  as  shown  by  figure  1. 

This  important  distinction  has  never  been  suflicieotly  emphasized, 
and  will,  it  is  believed,  prove  to  be  the  most  dependable  single  factor  in 
the  identiflcatioQ  of  hardy  catalpa. 

*  Sargent's  Sllva  VI,  87.  90. 


CHAPARRAL  AREAS  ON  THE  SJSKIYOU  NATIONAL  FOREST 

BY   H.   £.    HAEFNBB 

(ContrUmted) 

The  question  of  the  management  of  the  large  chaparral  areas  on  the 
National  Forests  is  one  of  much  interest  to  many  people,  and  it  is  one 
that  has  been  discussed  by  all  classes  of  people  that  are  at  all  interested 
in  any  way  with  National  Forests,  either  as  miners,  stockmen,  ranchers, 
limibermen,  or  hunters,  or  as  rather  disinterested  persons  one  thousand 
miles  away  from  the  nearest  National  Forest.  The  last  fire  season  was 
one  of  the  severest  in  many  years,  causing  the  loss  of  much  life  and 
property  and  bringing  forth  much  criticism  against  the  management  of 
the  National  Forests  by  the  Forest  Service.  The  old  story  of  burning 
over  these  brush  areas  yearly,  so  that  a  large  fire  could  not  occur  because 
of  the  lack  of  available  material  sufficient  for  a  large  fire  has  been  told 
again  and  again.  Were  these  slopes  not  suited  for  the  production  of  any 
other  class  of  material  than  chaparral,  and  were  the  extent  of  the  damages 
done  to  the  soil  by  fire,  in  the  way  of  destroying  humus,  transforming 
plant  food  to  a  form  unavailable  for  the  growing  plant  and  seriously  in- 
juring the  physical  condition  of  the  soil,  so  that  conditions  for  growth 
are  less  favorable,  not  known,  this  method  of  handling  the  situation 
might  have  some  commendable  features.  Fire,  however,  means  destruc- 
tion, and  that  which  is  destroyed  often  can  only  be  regained  with  dif- 
ficulty. The  accumulation  of  humus  beneath  a  heavy  stand  of  timber 
can,  perhaps,  not  be  replaced  in  less  than  one  hundred  years  and  longer, 
and  the  nitrogen  that  escaped  as  a  vapor  can  only  be  replaced  after  the 
reestablishment  of  favorable  forest  conditions.  The  loss  not  only  in- 
cludes the  loss  of  the  present  forest  cover,  but  includes  the  more  im- 
portant and  greater  loss  of  accumulated  fertility  of  the  soil  and  a  certain 
loss  of  the  soil's  susceptibility  for  favorable  plant  growth. 

The  purpose  of  this  report  is  to  try  to  show  that  these  chaparral  areas 
have  other  possibilities,  and  to  suggest  methods  of  handling  them. 

Chaparral  Situation 

The  reforestation  of  the  chaparral  areas  is  one  of  the  big  problems  in 
Forest  management  today,  and  will  continue  so  for  many  years  in  the 
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future.  On  the  Siskiyou  National  Forest  there  are  approximately 
327,000  acres,  exelusiTe  of  the  Smith  River  watershed,  out  of  1,302,393 
acres  that  are  covered  with  chaparral  of  many  species,  and  on  other 
Forests  the  percentage  of  the  chaparral  areas  is  undoubtedly  as  large  and 
covers  as  wide  a  range  of  conditions. 

The  Siskiyou  National  Forest  occupies  a  region  where  conditions  are 
favorable  to  tree  growth.  The  annual  precipitation,  although  not  well 
distributed  during  the  growing  season,  is  sufficient;  the  climate  is  mild, 
with  a  comparatively  narrow  range  between  maximum  and  minimum 
temperatures;  exposure,  generally  speaking,  is  not  severe,  and  soil  condi- 
tions, while  not  the  best  throughout,  are  generally  favorable  to  tree 
growth.  In  observing  the  undergrowth  under  stands  of  timber  and  the 
chaparral  species  on  a  near-by  brushy  slope,  many  are  found  to  be  the 
same,  and  hence,  with  the  evident  favorable  conditions  present,  the 
chaparral  areas  should  not  form  the  large  acreage  that  they  now  do. 
The  cause  of  their  existence,  however,  is  not  difficult  to  ascertain,  and  is 
seen  on  every  hand.  The  charred  stump,  tree  trunk,  and  fallen  log  tell 
plainly  that  fire  was  the  cause,  and  has  done  its  work. 

Could  a  man  have  seen  this  Southern  Oregon  country  before  the  orig- 
inal fires  along  the  coast  occurred,  he  would  have  seen  a  Forest  prac- 
tically continuous  and  not  broken  by  the  brush  areas.  At  that  time  the 
area  now  included  within  the  boundaries  of  this  Forest  probably  carried 
more  than  again  as  much  timber  than  what  it  now  carries  (roughly 
estimated  at  12,000,000,000  ft.  B.  M.),  and  the  stand  probably  ap- 
proached more  nearly  a  normal  stand  than  anything  that  we  can  see 
today.  When  these  original  fires  occurred  is  not  known,  but  they  prob- 
ably did  not  occur  until  after  the  white  man  reached  the  coast,  and  a 
part  of  the  responsibility  for  their  occurrence  might  be  laid  upon  the 
early  Hudson  Bay  trapper.  Since  then  there  has  been  much  burning  by 
Indians,  miners,  hunters,  and  stockmen,  so  that  little  trace  is  left  of  the 
virgin  stands  that  once  covered  these  areas.  With  each  fire  much  humus 
was  destroyed  and  the  soil  sapped  of  its  fertility,  so  that  each  succeeding 
forest  cover  that  established  itself  after  a  fire  was  either  composed  of 
more  inferior  species  than  that  which  composed  the  preceding  forest 
cover,  or  else  they  made  a  less  vigorous  growth.  Such,  however,  was  not 
the  case  on  all  areas.  On  occasional  sites,  the  burning  was  followed  by 
a  heavy  seed  crop  and  periods  of  strong  winds,  so  that  seed  was  distrib- 
uted over  considerable  areas  and  a  dense  stand  of  reproduction  has 
sprung  up  which  now  forms  a  stand  of  timber  of  small  commercial  size 
that  appears  to  be  approximately  100  years  old.  Stands  of  this  nature 
cover  relatively  small  areas. 
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To  bring  this  Forest  to  its  highest  state  of  deyelopment  and  pro- 
ductiveness will  require  that  these  chaparral  areas  be  restocked  with  a 
stand  of  commercial  timber,  and  that  the  now  large  area,  approximately 
300,000  acres,  that  is  classed  as  woodland,  be  more  fully  stocked  so  as  to 
enter  the  class  of  commercial  timber.  On  all  the  areas  of  these  two 
classes  of  forest  cover  there  are,  of  course,  areas  that  it  may  not  be  pos- 
sible to  restock  with  a  stand  of  timber  having  commercial  value,  but 
such  areas  should  be  reduced  so  as  to  include  only  those  sites  unfavorable 
for  tree  growth  from  practically  all  standpoints.  This  is  a  possible 
achievement,  and  one  that  should  be  kept  in  mind,  and  when  such  a 
time  in  our  forest  management  is  reached  this  forest  will  have  from 
1,000,000  to  1,100,000  acres  of  commercial  timber  out  of  the  present 
area  of  1,302,393  acres,  and  the  estimate  of  merchantable  material  will 
at  least  be  double  to  what  it  now  is. 

The  most  common  of  the  chaparral  species  are  given  in  the  following 
list,  in  which  they  are  arranged  according  to  their  demands  for  soil  qual- 
ity, and  in  which  the  ones  that  head  the  list  compare  favorably  with 
some  of  the  most  valuable  commercial  species  of  trees  in  this  respect : 

Prunis  emarginata  (Douglas)  Walpers,  Bitter  Cherry  (3). 
Ribes  sanguineum,  Pursh,  Currant  (6). 
Corylus  callfornlca  (A.  D.  C),  Ross,  Hazel  (8). 
Kunzia  tridentata,  Spring,  Buckbrush  (21). 

*Quercus  califomica  (Tarr),  Cooper,  California  Black  Oak  (16). 
*Rhamnus  pursliiana,  De  Candolle,  Cascara,  Shittim  Wood  (7). 
*Quercus  garryana.  Hooker,  Oregon  Oak  (15). 

^Umbellularia  californica  (Hook  &  Arnt),  Nuttall,  Oregon  Myrtle  (5). 
Ceanothus  sanguineus,  Pursh,  Buckthorn  (27). 
Gaultheria  shallon,  Pursh,  Salal  (13). 
Rubus  parviflorus,  Nutt,  Thimbleberry  (2). 
Rubus  spectabilis,  Pursh,  Salmonberry  (1). 
•Comus  nuttallii,  Audubon,  Western  Dogwood  (18). 
^Sambucus  glauca,  Nuttall,  Blue  Elderberry  (11). 
Yibumum  ellipticum,  Hook,  Arrowwood  (28). 
Saliz  nuttollii,  Sargent,  Nuttall  Willow  (9). 
Saliz  amygdaloldes,  Anderson,  Almond  Willow  (4). 
Quercus  sadleriana,  R.  Brown  Oampst,  Sadler  Oak  (20). 
Berberis  aquifolium,  Pursh,  Oregon  Grape  (12). 
*Cercocarpus  parvifoiius,  Nuttall,  Mountain  Mahogany  (26). 
Msrrica  califomica,  Chamisso,  California  Myrtle  (29). 
Vaccinium  ovalifolium.  Smith,  Blue  Huckleberry  (30). 
Vaccinium  parvifolium,  Smith,  Red  Huckleberry  (22). 
*Ca8tanopsis  chrysophylla    (Hook),  A.  De  Candolle,  Western  Chinquapin 
(33). 
Rhus  diversiloba,  Farr  &  Greene,  Poison  Oak  (17). 
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Amelanehier  ainifolia,  Nutt,  Servlceberry  (31). 

Ribes  watsonianum,  Koebne,  Gooseberry  (10). 

Ceanotbus  velutina,  Douglas,  Sticky  Laurel  (19). 

Rbododendron  califomicum,  Hook,  Rose  Bay,  Rbododendron  (14). 

Pbiladelpbus  lewisii,  Pursb,  Syringa  (32). 

*Arbatus  menzlesli,  Pursb,  Madrona  (23). 

*Quercus  cbrysolepis,  Liebmann,  Live  Oak  (25). 

^Qnercos  densiflora.  Hooker  &  Amott,  Tan  Oak  (24). 

ArctOBtaphylos  tomentosa,  Douglas,  Manzanlta  (34). 

Arctostaphylos  uva-ursa,  Spring,  Kinnikinic  Manzanita  (37). 

Cbemapbila  umbellata,  Nutt,  Princess  Pine  (35). 

Acer  glabnini,  Torrey,  Dwarf  Maple  (36). 

Juniperus  communis,  Linnieus,  Dwarf  Juniper  (38). 

Note. — *  designates  species  that  reacb  tree  size  under  more  favorable  con- 
ditions and  at  greater  age. 

Numbers  indicate  arrangement  of  species  witb  regard  to  their  demands  for 
soil  moisture. 

The  above  list  includes  only  those  species  which  have  been  identified  by  the 
writer. 

The  chaparral  species  are  also  found  as  undergrowth  beneath  stands 
of  timber,  which  goes  to  show  that  their  demands  for  many  of  the  requi- 
sites of  tree  growth  are  the  same,  or  very  similar,  to  those  of  the  different 
subtypes  of  forest. 

Oeological  Formation 

The  growth  and  the  distribution  of  species  is  well  known  to  be  influ- 
enced by  the  character  of  the  soil,  which,  if  of  a  residual  nature,  is  more 
or  less  dependent  upon  the  underlying  formation  from  which  it  orig- 
inated and  upon  the  accumulated  amount  of  humus  that  it  possesses  for 
its  fertility  and  its  value  and  classification  as  a  timber  soil.  The  classi- 
fication  of  the  different  soil  types  in  the  Forest  is  essential  to  the  wise 
management  of  the  chaparral  areas  and  to  discover  the  possibilities  of 
the  chaparral  site  and  the  nature  and  value  of  the  forest  crop  that  it  may 
ultimately  produce. 

An  endeavor  has  been  made  during  the  past  season's  field  work  to 
roughly  divide  the  Forest  up  among  the  principal  geological  formations 
that  underlie  it,  and  to  show  their  respective  natural  abilities  to  produce 
timber.  The  influence  of  site  on  tree  growth  is  a  disputed  question, 
since  the  effect  of  other  closely  related  factors,  such  as  the  accumulated 
organic  matter  in  the  soil,  has  not  yet  been  accurately  determined.  How- 
ever, it  is  apparent  on  this  Forest  that  the  best  soils  are  on  a  formation 
that  usually  disintegrates  and  decomposes  into  a  soil  of  much  fertility. 
Our  heaviest  stands  occur  on  a  soil  underlaid  with  a  sandstone  or  lime- 
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stone  formation.  The  Forest  has  roughly  been  divided  into  four  main 
formations,  which  act  more  or  less  as  criteria  of  what  their  respective 
sites  can  produce.  These  formations,  necessarily,  are  broad  terms,  and 
cover  several  formations,  perhaps,  that  are  distinct  from  each  other,  but 
which  belong  to  the  same  general  class  of  rocks.  For  example,  the  term 
"granite"  will  include  the  different  granites,  basalts,  and  gabbros,  and 
the  "sand  and  limestones"  will  include  all  sandstones,  limestones,  and 
shales.  The  four  formations  are  as  follows :  Sand  and  limestones,  gran- 
ite, porphyry,  and  serpentine,  and  are  arranged  according  to  their  ap- 
parent ability  to  produce  timber. 

Sand  and  Limestone  Formation: 

Location:  These  formations  are  found  on  the  northwestern  part  of 
the  Forest  throughout  the  south  fork  of  the  Coquille  River,  in  Town- 
ships 30  and  31  S.,  R.  13  W.,  on  the  watershed  of  Sixes  and  Elk  Rivers, 
Lobster  Creek,  and  on  Lower  Rogue  River;  along  the  west  side  of  the 
Forest  on  Hunters  Creek,  Pistol  River,  Lower  Chetco  River,  and  prac- 
tically over  the  whole  of  the  Winchuck  watershed;  and  on  the  east  side 
at  the  upper  watersheds  of  Deer,  Sucker,  Williams,  and  Mimgers  Creeks, 
in  Townships  38,  39,  40,  and  41  S.,  R.  G  W.,  and  parts  of  Townships  39 
and  40  S.,  R.  5  W. 

Soil :  The  soil  of  these  formations  is  usually  a  deep  black,  clay  loam, 
where  it  has  not  been  subjected  to  a  loss  of  its  forest  cover  by  fires.  On 
the  west  side  of  the  Forest  it  supports  a  heavy  growth  of  vegetation  in 
addition  to  a  heavy  stand  of  timber.  On  the  east  side  this  formation 
supports  a  heavy  stand  of  timber,  where  fire  has  not  done  its  work, 
but  here,  with  a  noticeable  less  amount  of  precipitation,  the  stand  is  not 
as  heavy  as  on  the  west  side  of  the  Forest. 

The  effects  of  fire  over  this  formation  are  very  evident.  Tn  the  tim- 
bei'ed  areas  where  few  or  no  fires  have  occurred  the  humus  content  of 
the  soil  is  high  and  the  soil  is  of  a  loamy  nature,  as  above  noted,  while 
on  the  slopes  that  have  been  subjected  to  fire  the  humus  content  of  the 
soil  has  been  lost  and  the  soil  is  of  a  stiff,  clayey  nature. 

The  Forest:  Throughout  the  sandstone  and  limestone  formations  the 
Douglas  fir  subtype  is  dominant.  Along  the  streams  on  the  western  side 
of  the  Forest  the  Douglas  fir  fonns  a  subtype  with  the  Lawson  cypress 
and  occasionally  with  the  true  firs  and  hemlocks  at  some  of  the  higher 
elevations.  On  the  Winchuck,  with  the  redwood,  it  forms  a  subtype 
over  a  part  of  the  watershed,  and  eastward,  against  the  Illinois  River, 
and  around  Bear  Camp,  in  T.  34  S.,  R.  10  W.,  it  forms  a  subtype  with 
sugar  pine.     In  the  eastern  part  of  the  Forest  the  stand  is  principally 
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Douglas  fir,  with  sugar  pine  and  fir  on  the  higher  slopes.  These  sub- 
types, taken  together,  are  secondary  to  the  subtype  of  Douglas  fir  in  im- 
portance. 

In  the  region  of  the  heavier  rainfall,  on  the  west  side  of  the  Forest, 
the  timber  grows  large  and  is  of  good  quality,  and  heavy  stands  of  timber 
should  be  produced  over  large  areas.  Fir  reaches  6  feet  in  diameter,  and 
Lawson  cypress,  on  the  Coquille,  as  great  a  diameter,  while  on  the  Win- 
chuck  redwood  reaches  10  and  12  feet  in  diameter,  and  Douglas  fir  in 
25  years  reaches  a  height  of  87  to  100  feet  and  a  diameter  of  10  to  12 
inches  inside  the  bark  at  a  stump  height  of  2  feet  above  the  ground. 
Intermediate  parts  of  this  formation,  on  Pistol  and  Chetco  Rivers,  may 
not  be  as  rich  potential  timber  land,  but  should  not  prevent  the  classi- 
fication of  a  part  of  this  formation  as  timber  land  of  the  first  class,  and 
the  remainder  as  timber  land  of  the  second  class. 

Chaparral  Situation:  Within  the  limits  established  for  this  forma- 
tion many  chaparral  areas  occur,  the  largest  of  which  are  found  on  the 
Winchuck  watershed,  on  Pistol  River  and  Hunters  Creek,  around  Bear 
Camp  (T.  34  S.,  R.  10  W.),  and  at  the  head  of  Deer  and  Hungers 
Creeks  (T.  38  and  39  S.,  R.  6  W.).  They  also  occur  in  greater  or  less 
size  on  many  other  parts  of  this  formation.  The  chaparral,  for  the  most 
part,  includes  those  species  that  are  more  or  less  exacting  in  their  soil 
and  moisture  requirements,  and,  therefore,  include  the  species  near  the 
head  of  the  list  and  those  with  the  lower  numbers.  Exceptions  to  this 
may  be  found  throughout  T.  38,  39,  and  40  S.,  R.  6  W.,  where  the  rain- 
fall is  much  less  than  near  the  Coast,  and  here  the  species  include  many 
of  those  found  on  the  poorer  sites. 

In  the  Coast  region  growth  is  very  rapid,  and  these  species  soon  cover 
the  ground  and  form  so  dense  a  stand  that  it  is  often  difficult  to  travel 
through  them.  Ceanothus  especially  reaches  a  large  size,  2  to  3  inches 
in  diameter  and  10  to  12  feet  in  height,  and  other  species  of  brush  reach 
a  size  only  slightly  less  than  this.  This  kind  of  stand  is  slowly  but 
surely  building  up  the  humus  content  of  the  soil  and  is  preparing  it  for 
a  future  timber  crop  of  much  greater  value.  It,  however,  prevents  the 
reproduction  of  valuable  species  by  its  occupation  of  the  ground,  except 
by  a  long  process  of  natural  forest  extension,  which  will  occur  just  as 
rapidly  as  more  normal  forest  conditions  are  reestablished  and  by  a  suc- 
cession of  these  short-lived  chaparral  species  which  will  finally  give  way 
to  the  encroachment  of  valuable  forest  species. 

Management  of  the  Chaparral  Areas:  In  the  management  of  the 
chaparral  areas  one  of  the  principal  and  all-important  considerations  to 
keep  in  mind  is  that  of  fire.     Each  fire,  as  is  known,  robs  the  soil  of 
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some  of  its  fertility,  destroys  the  accumulated  humuB  on  the  surface  of 
the  ground  and  changes  much  of  the  available  plant  food  to  an  unavail- 
able form.  Repeated  fires  will  finally  reduce  the  richest  soil  to  one  of 
practical  sterility;  not  so,  perhaps,  by  lack  of  the  elements  that  are  of 
most  importance  as  plant  food,  but  because  of  their  occurring  in  chem- 
ical combinations  that  are  unavailable  for  the  use  of  the  plant  and  be- 
cause of  the  absence  of  the  huraic  acids  and  micro-organisms  that  play 
so  important  a  part  in  the  preparation  of  plant  food  for  the  growing 
plant. 

On  the  sandstone  and  limestone  formations  the  Douglas  fir  is  the 
dominant  tree,  and  the  reforestation  of  the  chaparral  area  resolves  itself 
into  a  question  of  securing  reproduction  of  this  species  (and  that  of  the 
redwood  over  a  restricted  area  on  the  Winch uck  watershed).  It  is  now 
known  that  Douglas  fir  reproduces  readily  where  its  seed  can  come  in 
contact  with  the  mineral  soil.  This  can  be  secured  by  broadcasting  on 
a  fresh  bum  or  by  a  method  of  sowing  that  involves  the  partial  prepa- 
ration of  the  soil,  such  as  seed  spot  or  strip  sowing.  These  latter 
methods  are  practical  methods  where  the  stand  of  brush  is  not  too  dense 
or  too  high,  so  that  the  cost  of  cutting  out  brush  might  not  reach  such  a 
figure  as  might  make  them  impracticable.  In  cases  of  this  kind  the 
area  could  be  burned  under  careful  supervision,  which  should  be  fol- 
lowed by  broadcast  sowing  or  the  practice  of  planting  nursery-grown 
trees,  or  transplants  in  clumps  at  regular  intervals  on  prepared  areas  in 
the  chaparral  could  be  followed.  Another  method  which  might  prove  of 
interest  is  that  of  helping  out  the  natural  extension  of  the  forest  to 
these  non-productive  areas.  This  can  be  accomplished  by  partially  pre- 
paring the  ground  close  to  seed  trees  or  along  the  edge  of  the  forest  to 
such  a  distance  as  the  seed  will  be  disseminated  by  the  wind  and  depend 
upon  nature  to  do  the  sowing,  or  to  burn  a  strip  on  the  windward  side 
of  the  edge  of  the  forest,  the  width  to  be  equal  to  the  distance  of  seed 
disseminaion  by  the  wind.  This  method  should  prove  well  suited  to 
the  smaller  areas  that  are  more  or  less  surrounded  by  timber.  It  is, 
however,  only  applicable  on  heavy  seed  years  and  to  only  those  species 
whose  seed  are  widely  disseminated  by  the  wind,  such  as  Douglas  fir. 
The  work  of  reforestation  should  be  begun  on  the  most  favorable  areas 
and  proceed  to  the  most  difficult  ones,  and  all  advantage  possible  should 
be  taken  of  nature's  methods  of  carrying  on  this  work. 

Oranite  Formation: 

Location :  The  formations  of  a  granite  nature  occupy  large  areas  near 
the  central  part  of  the  forest,  from  east  to  west,  at  the  head  of  the 
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Illinois  Biyer^y  and  more  or  less  non-continuous  areas  in  the  northwestern 
part  of  the  Forest. 

Soil :  The  soil  is  usually  a  clay  to  a  loamy  clay,  and  generally  carries 
much  broken  rock  throughout.  It  carries  less  organic  matter,  as  a  rule, 
than  does  the  soil  of  the  previously  described  formation,  except  on  cer- 
tain small  areas  in  the  western  part  of  the  Forest.  The  rock  disin- 
tegrates very  slowly  and  the  mineral  nature  of  the  soil  is  apparent  from 
this  slow  breaking  up  and  resistance  of  these  granite  rocks. 

This  granite  soil  is  capable  of  supporting  fair  stands  of  timber  where 
a  thorough  disintegration  of  the  rock  materials  has  occurred  and  fire  has 
not  robbed  the  soil  of  its  humus.  Where  rock  exposure  is  common  and 
much  broken  rock  occurs,  the  stand  of  timber  is  usually  of  small  diam- 
eter size,  but  of  fair  height,  and  appears  to  be  slow  growing,  which  on 
many  sites  seems  conducive  to  the  production  of  a  ^ood  quality  of  ma- 
terial. Fire  reduces  these  soils  to  soils  strongly  mineral,  which  are,  in 
that  condition,  incapable  of  producing  heavy  timber.  Granite  soils 
should  rank  as  second  class  in  timber  production. 

The  Forest:  The  granite  soils  generally  support  subtypes  of  Douglas 
fir,  Douglas  fir-sugar  pine,  and  Douglas  fir-fir-pine-spruce.  Of  these 
three  subtypes,  the  first  two  represent  the  largest  part  of  the  Forest.  The 
heaviest  stands  of  timber  occur  on  Lobster  Creek,  in  T.  34  S.,  R.  13  W., 
and  on  the  Illinois  watershed  in  T.  40  and  41  S.,  R.  7  W. 

The  Douglas  fir  is  usually  of  fair  size  and  quality,  as  is  the  sugar  pine 
on  parts  of  the  formation  (head  of  Silver  Creek,  T.  34  S.,  R.  9  W.), 
averaging  3  to  4  feet  in  diameter,  60  feet  clear  and  100  to  120  feet  mer- 
chantable in  mature  stands.  Young  growth  of  a  wide  range  of  age 
classes  is  plentiful  in  the  stands  on  the  above  location,  where  sugar  pine 
occurs  almost  as  a  pure  subtype,  except  on  the  north  slopes. 

Chaparral  Situation:  Within  the  boundaries  established  for  this  for- 
mation the  most  continuous  chaparral  areas  of  the  Forest  are  found 
(T.  37,  38,  and  39  S.,  R.  9,  10,  11,  and  12  W.).  The  chaparral  species 
most  common  on  these  areas  are  those  that  are  not  particular  in  their 
demands  for  soil  quality  and  moisture,  and  occupy  intermediate  posi- 
tions in  the  scale  of  arrangement  from  these  standpoints. 

Management  of  the  Chaparral  Areas:  The  scheme  for  the  reforesta- 
tion of  non-productive  areas  on  the  sandstone  and  limestone  formations 
is  applicable  to  those  on  the  granite  formations. 

Porphyry  Formation: 

Location:  The  porphyry  formation  occupies  a  large  portion  of  the 
east  and  central  parts  of  the  Forest  and  small  portions  at  the  south. 
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Soil:  Ijoamy  clay  to  gravelly  clay  are  the  common  soil  types.  The 
iron  oxides  have  given  it  a  light-colored  hue,  which  seems  to  be  more 
common  throughout  the  porphyry  than  elsewhere,  and  the  more  or  less 
scattered  nature  of  the  undergrowth  has  not  been  conducive  to  the  for- 
mation of  a  soil  of  high  organic  content.  Kepeated  fires  show  their 
effects  by  reducing  this  soil  to  a  stiff  clay.  Porphyry  soils  are  second- 
class  timber  soils. 

The  Forest:  The  forest  on  porphyry  generally  belongs  to  a  Douglas 
fir-pine,  Douglas  fir,  and  Douglas  fir-fir  subtypes,  with  the  first  two  the 
most  important.  The  Forest  includes  many  areas  that  bear  only  scat- 
tering timber  and  which  may  be  classed  as  woodland,  while  the  commer- 
cial timber  consists  of  sugar  pine  and  yellow  pine  and  Douglas  fir.  The 
former  two  species  reach  their  best  development  on  the  porphyry  forma- 
tion on  this  Forest,  and  are  of  greater  commercial  importance  than  is 
the  Douglas  fir,  except  on  some  of  the  north  slopes.  The  Forest  ap- 
pears to  be  undergoing  a  transition  and  the  species  an  adjustment,  or  a 
step  in  the  cycle  in  the  rotation  of  species  might  more  nearly  state  the 
facts.  Throughout  the  woodland  areas,  where  the  stand  of  commercial 
timber  is  very  light,  is  found  a  scattering  stand  of  Douglas  fir  and  pine, 
or  often  yellow  pine  alone,  beneath  which  is  an  under  story  of  California 
black  and  Oregon  oaks  and  a  ground  cover  of  much  young  reproduction, 
principally  Douglas  fir,  with  a  scattering  of  the  pine.  The  next  stand 
bids  fair  to  be  one  of  Douglas  fir,  thereby  causing  a  change  in  the  sub- 
type. The  cause  of  the  change  is  not  readily  explained,  although  a  large 
influence  must  have  been  exerted  by  fires  that  have  burned  throughout  a 
large  part  of  the  Forest  at  one  time  or  another. 

Sugar  and  yellow  pine  appear  to  be  best  suited  for  porphyry  locations, 
and  should  form  the  bulk  of  the  commercial  timber. 

Chaparral  Situation :  The  porphyry  sites  have  many  brush  or  chapar- 
ral areas.  They  are  usually  isolated  from  each  other  and  cover  no  large 
continuous  areas,  but  are  common  on  many  of  the  exposed  slopes.  The 
species  most  common  are  the  ceanothus,  California  black  and  Oregon 
oaks,  manzanita,  and  other  species  similar  in  their  soil  and  moisture 
demands. 

Management  of  the  Chaparral  Areas:  On  porphyry  the  plan  for  the 
reforestation  of  these  areas  calls  for  somewhat  different  treatment  than 
on  the  preceding  formations.  Natural  reproduction  of  the  two  pines  is 
scarce,  and  it  appears  that  to  secure  it  a  partial  preparation  of  the  soil  is 
necessary,  to  which  the  seed  spot  method  of  sowing  seems  to  be  best 
suited.  .The  seeds  of  both  pines  are  eagerly  sought  by  squirrels,  chip- 
munks, and  other  small  animals,  which  gather  large  quantities  of  seed 
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during  each  seed  year,  thereby  preventing  a  dissemination  of  seed 
through  other  natural  agencies.  This  is  one  of  the  causes  of  the  lack 
of  reproduction  of  sugar  pine.  Where  sowing  of  sugar  pine  is  to  be 
carried  on,  or  near  sites  where  the  brush  is  not  of  such  density  as  to 
fully  occupy  the  ground,  and  reproduction  has  a  chance  to  come  in  nat- 
urally, these  animals  should  be  gotten  rid  of,  either  by  poisoning  or  by 
placing  a  small  local  bounty  on  them,  to  be  paid  out  of  the  Planting 
Allotment,  subject  to  filing  an  affidavit  with  the  Supervisor  that  the 
squirrels,  etc.,  were  caught  within  the  limits  of  designated  areas  or  have 
the  game  laws  revised  so  that  squirrels  will  not  be  protected,  as  is  sug- 
gested by  the  State  Forester  of  California  in  his  recent  report  for  1910. 
The  last  suggestion,  however,  appears  most  impracticable.  Before  the 
seed  of  these  pines  matures  these  squirrels  should  be  wiped  out  so  that 
seed  collecting  can  be  carried  on  more  cheaply  and  on  proposed  planting 
sites  they  should  also  be  eradicated  before  sowing  begins. 

The  seed  spot  method  will  be  probably  most  largely  used  in  the  work 
of  the  reforestation  of  chaparral  areas  on  the  porphyry  formation. 

Serpentine  Formation: 

Location:  The  serpentine  formation  is  found  at  the  southern  part  of 
the  Forest,  where  it  covers  a  large  area  in  T.  38,  39,  40,  and  41  S.,  R.  9, 
10,  and  11  W.,  and  on  many  other  restricted  areas  throughout  the  Forest. 

Soil :  The  soil  on  serpentine  is  usually  a  shallow  sticky  and  stiflf  clay, 
especially  deficient  in  organic  matter.  Much  of  the  soil  is  composed  of 
a  reddish  clay,  well  filled  with  small  undecomposed  granules  of  rock 
about  the  size  of  buckshot,  and  because  of  its  strongly  mineral  character 
it  is  unsuited  to  support  a  heavy  stand  of  vegetation. 

The  blending  of  serpentine  soil  with  more  favorable  soils  can  be  read- 
ily seen  in  the  nature  of  the  vegetation.  Where  the  sandstone  formation 
of  the  Winchuck  gives  way  to  the  serpentine  of  the  Nork  Fork  of  Smith 
Eiver  this  is  vers^  noticeable.  On  the  one  hand  are  seen  the  large  ceano- 
thus,  salal,  huckleberry,  and  rhododendron,  and  on  the  other  are  found 
dwarf  manzanita,  mountain  juniper,  and  Prince's  pine.  Serpentine 
soils  rank  among  the  lowest  in  the  scale  of  timber  producers. 

The  Forest:  The  forest  on  serpentine  usually  consists  of  pine  sub- 
types. On  the  best  sites  the  subtypes  are  composed  of  sugar  and  yellow 
pine,  incense  cedar,  and  Douglas  fir,  while  on  the  poorer  locations,  where 
fire  has  injured  the  stand,  they  consist  of  lodgepole,  knobcone,  and 
western  white  pine,  with  a  sprinkling  of  sugar  and  yellow  pines  and 
Douglas  fir.  The  timber  varies  much,  but  at  best  it  is  of  poor,  inferior 
quality.     It  is  usually  short,  rough,  and  forms  a  light  stand.     The  knob- 
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cone  and  lodgepole  have  especial  value  on  sites  of  this  nature,  as  they 
can  prepare  the  soil  for  a  more  valuable  forest  crop.  These  sites  will 
never  carry  heavy  stands  of  timber,  but  they  can  eventually  be  made  to 
support  a  merchantable  stand  of  western  white  pine,  Douglas  fir,  sugar 
and  yellow  pine,  with  a  sprinkling  of  lodgepole.  This,  however,  can- 
not be  accomplished  otherwise  than  by  keeping  out  fire,  and  by  carefully 
conserving  the  humus  that  may  accumulate  during  the  years  or  until  it 
is  found  in  sufficient  quantities  so  that  it  can  aid  in  the  establishment  of 
better  forest  conditions. 

On  the  "Rough  and  Ready  Barrens"  (T.  40  and  41  S.,  R.  9  and  10 
W.)  the  forest  cover  is  of  a  pine  subtype  that  has  made  a  slow  growth 
and  makes  up  so  light  a  stand  as  to  be  of  little  commercial  importance. 
Scattered  throughout  are  areas  that  are  being  restocked  by  almost  pure 
stands  of  western  white  pine  in  pole  stage,  and  suggests  the  idea  of  the 
eventual  replacement  of  a  large  part  of  the  stand  with  a  subtype  largely 
composed  of  western  white  pine. 

Chaparral  Situation:  The  serpentine  has  not  l)eon  denuded  by  fire  to 
such  an  extent  as  have  some  of  the  other  formations,  but  where  it  has 
been  the  destruction  has  been  complete  and  denudation  has  been  greater 
than  elsewhere.  The  "Barrens"  at  Snow  Camp,  in  T.  37  S.,  R.  12  W., 
are  now  covered  with  a  scattered  vegetation  consisting  mainly  of  a  pros- 
trate manzanita,  dwarf  juniper,  dwarf  maple,  live  oak,  with  some  repro- 
duction of  knobcone  pine,  and  on  such  a  site  it  is  certain  that  little  can 
be  done  to  reestablish  a  valuable  stand  of  timber. 

Management  of  the  Chaparral  Situation:  Although  no  suggestions 
for  the  management  of  chaparral  on  serpentine  formation,  other  than 
fire  prevention,  can  be  offered  at  this  time,  it  is  probable  that  more  thor- 
ough study  will  devise  some  scheme  of  management  applicable  to  these 
areas. 
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The  following  tabulation  summarizes  the  foregoing  descriptions  of 
the  different  geological  formations : 


Soil  types. 


Fore><t  aub-types. 


Important  chapHrral  specie*. 


Black  loam 
Clay  loam 
Loamy  clay 

Gravelly  clay 


Loamy  clay 
Gravelly  clay 
Stiff  clay 


Loamy  clav 
Gravelly  clay 
Stiff  clay 


Sand  and  LimesUme  Formation 


Douglas  fir 
Douglas  fir-redwood 
Douglas  fir-I^wson- 

cy  press 
Douglas  fir-sugar  pine 
Douglas  fir-hemlock 


Cascara,  buckthorn,  ha- 
zel, bitter-cherry,  salal, 
Nuttall  willow,  thim- 
bleberry,  dogwood,  ar- 
row-wood, sticky  laurel 
( ceanothtis ) ,  sad ler  oak, 
Oregon  oak,  rhododen- 
dron, huckleberry 


Granite  Formation 


Douglas  fir 

Douglas  fir-sugar  pi  iie 
and  Douglas  fir-fir- 
pine 


Porphyry  Formation 


Douglas  fir 
Douglas  fir- pine 
Douglas  fir- fir 


Tan  oak,  rhodo<lei  (Iron, 
soldier  oak,  dogwoo<l, 
chinquapin,  huckle- 
berry, inanzanita,  ma-  i 
droiiH,  live  oak,  sticky 
laurel,  salal 


Gravelly  clay   Douglas  fir-pine 

Pine 


Oregon  and  California 
buckbrush,  buckthorn 
oaks,  sticky  laurel, 
mountain  mahogany, 
Nuttall  willow,  rhodo- 
dendron, dogwood, 
chinquapin,  madrona, 
arrow- wood,  manzanita 


Serpentine  Fimnation 

Manzanita,  live  oak, 
serviceberry,  dwarf 
juniper,  dwarf  maple, 
prince's  pine 


CiasBificAtion  of 
formation  an 
timber  soila. 


First  and  second 
class 


Second  and  ihird 
class 


Second  and  third 
class 


Poorest  class    of 
forest  soils 


Conclusions 


The  natural  conditions  are  favorable  for  tree  growth  on  the  greater 
per  cent  of  the  chaparral  areas  by  nature  of  the  underlying  formation, 
soil,  altitude,  slope,  and  annual  precipitation.  They  can  be  restocked  by 
planting  and  sowing  and  by  the  elimination  of  the  great  injury  done  to 
these  sites  by  fire.  The  whole  situation  resolves  itself  into  the  question 
of  what  are  we  going  to  do  about  it. 

On  the  Siskiyou  we  should  have  equipment  to  aid  in  collecting  and 
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storing  seed;  we  should  study  out  different  methods  of  collecting  seed, 
so  that  they  can  be  secured  at  the  lowest  possible  cost ;  we  should  combat 
all  small  animals  that  use  a  large  part  of  the  seed  crop  of  certain  species 
for  their  food  supply  in  those  sections  where  we  wish  to  collect  seed,  or 
where  planting  is  to  be  carried  on;  we  should  secure  reproduction  by 
natural  or  semi-natural  methods,  where  possible,  as  burning  over  a  strip 
of  chaparral  adjoining  seed  trees;  and  we  should  start  in  by  sowing 
from  800  to  1,000  acres  annually.  To  carry  on  the  work  on  this  scale 
would  require  that  our  annual  allotment  should  be  $5,000  at  least. 
Could  we  carry  on  the  work  on  such  a  scale,  or  on  a  larger  scale,  we 
would  soon  convince  the  public  that  the  chaparral  areas  were  capable  of 
something  better  thj^n  to  grow  brush  to  be  burned  over  annually;  we 
could  help  to  create  a  stronger  public  sentiment  against  Forest  fires,  and 
we  would  be  taking  a  step  forward  to  bring  the  Forest  to  a  higher  btate 
of  production. 

Silvical  Notes:  Distribution  of  Species. 

Western  Hemlock,  Tsuga  heterophylla  (Raf.)  Sargent.  Common  on 
the  south  fork  of  the  Coquille  River  and  along  main  streams  in  the 
northwestern  part  of  the  Forest,  north  of  Rogue  River.  Also  found 
along  the  Rogue-Illinois  divide  from  Howard  Creek  (T.  34  S.,  R.  8  W.) 
to  the  mouth  of  the  Illinois,  in  the  western  part  of  T.  36  S.,  R.  11  W., 
and  on  the  Indigo-Silver  divide,  in  T.  35  S.,  R.  9  W. 

Weeping  Spruce.  Picea  breweri,  Watson.  The  complete  range  of  this 
species  is  believed  to  be  as  follows :  At  the  head  of  the  West  Pork  of  the 
East  Fork  of  the  Illinois  River,  and  near  the  head  of  the  East  Fork  of 
the  East  Fork,  in  T.  20  N.,  R.  5  and  6  E.,  H.  M. ;  at  the  head  of  Deer 
and  Sucker  Creeks,  in  T.  38,  40,  and  41  S.,  R.  6  W.;  on  the  Chetco- 
lUinois  divide  at  the  heads  of  Josephine,  Canyon,  Fidler's  Gulch,  Car- 
ters, Babyfoot,  and  Rancherie  Creeks;  on  the  Illinois-Rogue  divide,  in 
section  34  (approx.) ;  on  Silver  Creek,  in  sections  20  and  21  (approx.) ; 
on  divide  between  Middle  and  South  Silver  Creek,  and  in  sections  6,  7, 
and  8,  on  Indigo-Silver  Creek  divide,  T.  35  S.,  R.  9  W.,  and  at  Game 
Lake  and  at  the  head  of  Lawson  Creek,  near  Snow  Camp,  in  sections  23 
and  24,  T.  36  S.,  R.  12  W.,  and  sections  7,  T.  37  S.,  R.  13  W. 

This  species  occurs  at  an  elevation  of  from  3,000  feet  upward.  Larg- 
est specimen  measured  was  26  inches  in  diameter  and  100  feet  high. 

Sadler  Oak.  Quercus  sadleriana,  R.  Brown  Compst.  Common  along 
summit  of  Rogue-Illinois  divide ;  also  on  Illinois  Chetco  divide.  Usually 
occurs  around  4,000  feet  and  above,  and  is  found  in  both  a  chaparral 
and  undergrowth. 
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Western  White  Pine.  Pinus  monticola,  Dougl.  Common  on  poor 
sites  at  high^  elevations  from  Bogiie  Biver  south  to  the  California  line. 

Dwarf  Maple,  Acer  glabnim,  Torrey.  Common  on  high  rocky  ridges 
around  Bear  Camp,  in  the  eastern  part  of  T.  34  S.,  R.  10  W. 

Redwood,  Sequoia  sempervirens  (Lamo),  Endlicher.  This  species  is 
found  on  lower  Winchuck,  on  both  sides  of  the  river,  in  T.  41  S.,  R.  12 
W.,  with  the  largest  grove  occurring  on  Bear  Creek  in  11,  13,  and  14 
(part  of  which  is  unsurveyed  and  unalienated).  In  T.  40  S.,  R.  12  W., 
it  is  found  on  the  east  slope  of  Wheeler  Creek,  in  sections  28  and  33,  and 
on  the  East  Fork  of  Wheeler  Creek,  in  sections  9,  10,  and  16.  Outside 
the  Forest,  it  is  found  in  sections  11,  12,  13,  and  14,  T.  40  S.,  R.  13  W., 
on  the  west  side  of  the  Chetco  River,  which  is  the  northern  limit  of  its 
range  of  distribution. 


USE  OP  SOIL  PUNOICIDES  TO  PREVENT  DAMPINQ-OPB* 

OP  CONIFEROUS  SEEDLINGS  a 

BY  CARL  HARTLEY 

I  wish  to  report  some  interesting  phases  of  work  on  the  damping-oflf 
disease  of  pine  seedlings,  which  I  have  conducted  with  the  assistance  of 
Miss  D.  E.  Ingram,  Mr.  R.  D.  Rands,  and  others  at  the  Halsey  Nursery 
in  the  sand  hills  of  Nebraska.  The  days  there  are  hot  and  dry,  the  nights 
cool,  with  heavy  dew.  The  soil  is  a  very  fine  sand,  containing  considerable 
humus,  enough  in  the  upper  10  inches  so  that  its  non-available  water  co- 
efficient is  4.1  grams  per  100  grams  of  dry  soil,  while  the  subsoil  has  a 
non-available  coefficient  of  1.9  grams  per  100  grams  of  dry  soil,  b  The 
disease  is  mostly  caused  by  Pythium  debaryanum  Hesse,  though  Rhizoc- 
tonia  sp.  and  Fusarium  sp.  cause  some  damage.  Pythium  and  Rhizoc- 
tonia  kill  germinating  seed  as  well  as  seedlings  that  have  come  through 
the  ground. 

Thirteen  chemical  substances  and  seven  combinations  of  substances 
have  been  used ;  light  has  been  thrown  on  the  working  of  these  substanceF 
by  parallel  tests  of  pasteurized  soil,  the  attempt  being  made  to  avoid  in 
the  heated  soil  the  profound  chemical  and  biological  changes  produced 
by  complete  sterilization.  Prom  the  first,  chemical  injury  to  the  seedlings 
has  been  encountered.  It  is  not  safe  to  apply  fungicides  to  seed  beds 
after  germination.  When  fungicides  are  applied  at  the  time  of  seed 
sowing  or  earlier,  in  strength  sufficient  to  be  effective,  there  is  still  chance 
of  injury  to  the  pines  at  time  of  germination,  and  formalin  and  mercuric 
chloride  can  kill  seed  which  is  still  dormant.  It  was  found,  however, 
that  proper  watering  would  avert  injury  from  acids. 

Sulfuric  acid,  which  proved  to  be  the  most  satisfactory  fimgicide  of 
those  tested,  does  not  injure  dormant  seed  in  any  ordinary  concentration. 
Most  of  the  acid  probably  breaks  down  soon  after  application,  but  if  at 
any  time  during  germination  evaporation  greatly  exceeds  the  water  ap- 
plied to  the  beds  the  consequent  capillary  rise  of  soil  solution  to  the  sur- 
face results  in  concentration  of  the  remaining  acid  at  the  surface,  and  the 
growing  apices  of  the  radicles  which  are  still  in  the  upper  half  inch  of 

a  Paper  read  before  American  Pbytopathological  Society,  December,  1911. 
h  Determined  by  water  equivalent  method,  through  the  courtesy  of  Dr.  L.  J. 
Brlggft. 
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soil  are  killed.  While  this  stops  extension  of  the  root,  absorption  is  still 
possible  except  in  cases  of  extreme  injury.  If  the  surface  soil  is  kept 
moist  around  the  short  root,  the  stem  and  cotyledons  push  up  through  the 
soil  and  grow  normally,  sometimes  for  two  weeks;  by  this  time  adventi- 
tious roots  may  develop  just  above  the  original  point  of  injury  and  the 
seedling  will  entirely  recover.  In  cases  of  injury  just  as  the  radicle 
starts,  the  root  is  only  about  one-fourth  of  an  inch  down  in  the  soil,  and 
even  if  sufficient  absorbing  surface  is  left  alive,  the  seedling  after  it 
comes  through  the  soil  falls  over  and  dies  purely  for  lack  of  mechanical 
support. 

The  method  I  have  developed  to  prevent  this  acid  injury  is  simply  to 
water  the  beds  lightly  twice  a  day  during  the  germination  period.  The 
watering  is  done  twice  daily,  because  tests  indicate  that  if  double  the 
amount  of  water  is  applied,  but  only  once  per  day,  there  is  more  danger 
of  drying  out  the  immediate  surface  between  waterings,  with  consequent 
concentration  of  the  acids  in  the  surface  soil  and  injury  to  the  growing 
apex  of  the  radicle  of  the  germinating  seeds.  The  injury  to  seedlings 
from  acid  applied  before  seeding  seems  analogous  to  the  alkali  injury  to 
field  crops,  which  occurs  typically  only  in  territory  where  evaporation  is 
rapid;  it  is  therefore  to  be  presumed  that  eastern  nurseries,  with  their 
more  humid  climate,  would  have  less  trouble  from  acid  injury.  My  ex- 
planation of  the  exact  way  in  which  acid  injury  takes  place  is,  of  course, 
somewhat  hypothetical,  but  the  value  of  frequent  watering  in  preventing 
such  acid  injury  has  been  demonstrated  time  after  time.  Attempts  to 
prevent  acid  injury  by  leaching  were  only  partly  successful. 

My  experience  indicates  that  commercial  sulfuric  acid  will  kill  Pythium 
and  Rhizoctonia  if  three-sixteenths  of  a  fluid  ounce  is  used  per  square 
foot  of  soil  surface,  while  one-eighth  of  an  ounce  per  square  foot  is  not 
sufficient.  Less  experimental  evidence  indicates  that  commercial  hydro- 
chloric acid  is  a  little  more  than  one-fourth  as  eflFective  as  sulfuric,  vol- 
ume for  volume,  and  that  commercial  nitric  acid  is  less  than  one-fourth 
as  effective  as  sulfuric.  The  performance  of  hydrochloric  acid  as  com- 
pared with  sulfuric  roughly  accords  with  the  statement  of  Kahlenberg  & 
Truec  that  these  acids  are  equally  toxic  where  the  hydrogen  ions  are 
equally  concentrated.  Nitric  acid  is  weaker  than  this  theory  would  lead 
one  to  expect,  apparently  because  it  combines  more  quickly  after  it  enters 
the  soil. 

Formalin  is  at  least  half  as  eflBcient  as  sulfuric  acid,  volume  for  vol- 
ume— that  is,  three-eighths  of  an  ounce  per  square  foot  is  sufficient  to 


0  Kahlenberg  &  True,  Botanical  Gazette,  22:81-124  (1896). 
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kill  Pythium  and  Rhizoctonia,  Probably  three-fourths  of  this  amount 
would  be  sufficient.  With  mercuric  chloride  one-sixteenth  of  an  ounce 
per  square  foot  was  found  efficient.  With  zinc  chloride  nine  thirty- 
seconds  of  an  ounce  was  sufficient.  One-fourth  of  an  ounce  per  square 
foot  of  copper  sulfate  crystals  did  not  seem  sufficient.  Lime-sulfur  solu- 
tion was  less  than  one-fifth  as  efficient  as  sulfuric  acid.  Stronger  am- 
monia water  at  the  rate  of  one-half  of  an  ounce  per  square  foot  seemed  tc 
have  some  value.  Air-slaked  lime,  one-half  of  an  ounce  per  square  foot, 
has  no  value,  and  three-fourths  of  an  ounce  or  more  has  resulted  in  the 
death  of  Pinus  divaricata  seedlings. 

A  complicating  factor  has  been  the  rapid  reinfection  of  treated  soil 
where  it  is  not  protected.     If  soil  is  pasteurized  by  heat,  treated  with 
weak  formalin,  or  is  sterilized  with  acid  or  toxic  salts  and  later  treated 
with  small  quantities  of  lime  to  take  up  the  poison,  more  killing  by 
Pythium  actually  occurs  in  some  cases  than  on  soil  which  has  not  been 
treated  at  all.     Inoculations  with  Pythium  on  sterilized  soil  have  been 
uniformly  successful,  while  inoculations  on  unsterilized  soil  usually  fail. 
There  is  thus  every  reason  to  believe  that  competition  of  other  soil  micro- 
organisms is  the  greatest  factor  in  limiting  the  damage  from  Pythium  in 
untreated  beds.    A  successful  treatment  must  first  kill  the  parasites,  and 
then  must  leave  a  lesidue  in  the  soil  which  will  prevent  reinfection  with 
the  parasite  for  the  next  three  or  four  weeks  and  yet  not  injure  the  seed- 
lings.    Sulfuric  acid  usually  does  this  if  followed  by  proper  watering. 
Hydrochloric  acid  prevents  reinfection,  but  seems  more  likely  to  hurt  the 
seedlings.    Formalin  and  nitric  acid  do  not  prevent  reinfection  quite  as 
well  as  sulfuric  acid,  and  soluble  salts  seem  to  have  much  less  ability  to 
protect  against  reinfection.     Because  of  its  nominal  cost  and  its  con- 
venience, as  well  as  its  efficiency,  I  consider  sulfuric  acid  to  be  the  be5t 
fungicide  for  preventing  damping-off  at  this  sand-hill  nursery. 
.  -^       The  treatment  which  I  have  recommended  for  use  at  this  nureery  con- 
sists of  three-sixteenths  of  a  fluid  ounce  of  commercial  sulfuric  acid  per 
square  foot,  applied  to  the  beds  in  aqueous  solution  at  the  time  of  seed 
sowing,  the  beds  to  be  watered  sufficiently  during  the  germinating  period 
to  prevent  acid  injury.     In  nine  separate  series  of  tests,  conducted  at 
different  times  during  two  diflEerent  seasons  and  in  diflEerent  parts  of  the 
nursery,  with  three  species  of  pines,  the  following  results  have  been  ob- 
tained : 

1.  The  germination  obtained  on  the  seven  plots  on  which  germination  counts 
were  made  averaged  approximately  65  per  cent  greater  than  in  the  nearest 
control  plots. 
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2.  Loss  from  dainpiug-off  on  these  seven  plots  on  which  full  counts  were 
made  averaged  less  than  45  per  cent  of  that  on  the  control  plots. 

3.  The  final  stand  obtained  on  all  of  the  plots  in  these  series  was  over  four 
and  a  half  times  as  great  as  on  the  control  plots. 

Of  course,  no  such  marked  results  will  be  obtained  during  seasons  when 
the  damage  from  the  parasites  is  less  than  usual. 

An  additional  result  of  this  treatment  which  commends  it  to  the  nur- 
seryman is  that  it  kills  most  of  the  weeds  in  the  seed  beds.  The  advan- 
tage  gained  in  this  way  will  in  some  cases  at  least  be  sufficient  to  pay  for 
the  entire  cost  of  the  treatment. 

I  cannot  predict  a  great  future  for  sulfuric  acid  as  a  general  soil  fungi- 
cide. In  limestone  soils  it  will  probably  fail  to  prevent  reinfection.  In 
my  own  work  angiosperms  as  a  class  have  been  much  more  susceptible  to 
injury  by  it  than  are  the  pine  seedlings.  But  I  believe  that  at  the  western 
sand-hill  nursery,  where  I  worked,  sulfuric  acid  will  solve  the  problem  of 
preventing  the  serious  inroads  of  Pythium  in  pine  seed  beds. 


RESULTS  OF  CUTTINGS  ON  THE  MINNESOTA  NATIONAL 
FOREST  UNDER  THE  MORRIS  ACT  OF  1902 

RAPHAEL  ZON 
(OontriJ)uted) 

The  cuttings  on  the  Minnesota  National  Forest  are  confined  exclu- 
sively to  white  and  Norway  pines.  Under  the  Moms  Act  of  1903,  5  per 
cent  in  volume  of  all  standing  timber  is  required  to  be  left  as  seed  trees.* 
The  first  cutting  under  this  act  began  in  the  fall  of  1904.  The  oldest 
cuttings,  therefore,  are  a  little  over  five  years.  Since  the  cutting  began 
there  was  recorded  only  one  good  seed  year  for  both  white  and  Norway 
pines,  namely,  in  the  fall  of  1904.  In  1907  there  was  a  slight  seed  crop 
of  white  pine.  The  number  of  seed  trees  left  above  10  inches  in  diameter, 
breast  high,  which  represent  5  per  cent  of  the  volume  of  the  stand, 
average  on  sections  where  the  stand  was  thickest  about  one  and  a  half 
trees  to  the  acre,  while  on  the  poorly  stocked  sections  an  average  of 
about  one-tenth  of  a  tree  to  an  acre  is  not  infrequent.  These  seed  trees 
are  not  distributed  uniformly  over  the  section,  but  are  irregularly  scat- 
tered. There  are  acres  on  which  no  trees  are  left  at  all,  while  on  others 
there  are  several.  The  old  stands  of  Norway  pine  and  of  white  pine 
are,  as  a  rule,  fairly  open,  especially  the  white  pine  stands,  thus  allowing 
light  to  the  ground  and  enabling  some  herbaceous  vegetation  to  start 
even  before  the  cutting  of  the  old  timber  began.  This  is  especially  true 
of  the  white  pine  stands  in  which  the  fresher  and  better  soil  is  capable 
of  supporting  a  much  denser  and  varied  vegetation  than  the  poorer  soil 
on  which  the  Norway  pine  is  grown.  In  many  instances  there  is  a  fairly 
good  reproduction  of  Norway  pine  or  white  pine  under  the  shelter  of  the 
old  trees. 

Norway  Pine  Cuttings  of  1904 

Since  the  cuttings  are  all  of  comparatively  recent  date,  the  areas 
which  could  furnish  more  or  less  decisive  results  are  those  cut  in  the 
fall  of  1904.     An  examination  of  the  cut-over  areas  on  the  Forest  was 


*An  amendment  to  this  act  (May,  1908)  provides  for  leaving  as  much  as 
10  per  cent  In  volume  of  all  standing  timber.  No  cuttings,  however,  were  ex- 
amined which  came  under  the  operation  of  this  amendment 
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begun  with  the  cuttings  of  1904.  Such  cuttings  were  examined  in 
section  16  on  the  east  shore  of  Cass  Lake.  Unfortunately  these  areas 
were  badly  burned  in  1908,  and  are,  therefore,  of  little  value  in  deter- 
mining the  eflFect  which  the  methods  of  cutting  under  the  Morris  Act 
have  had  on  the  natural  reproduction  of  white  pine  and  Norway  pine. 
The  old  cuttings  on  section  23,  north  and  south  of  the  track  of  the  Great 
Xorthem  Bailway,  however,  are  most  instructive.  They  have  a  very 
good  natural  reproduction  and  present  a  variety  of  conditions  which 
bring  out  more  or  less  clearly  the  advantages  and  disadvantages  of  the 
methods  of  silvicultural  treatment  now  adopted  on  the  Minnesota  Na- 
tional Forest.  The  cutting  of  1904,  on  section  23,  south  of  the  railroad 
track,  was  burned  over  in  1904,  soon  after  logging,  at  the  time  the  brush 
was  burned.  The  land  is  Norway  pine  land,  hence  poor  in  quality, 
and  the  herbaceous  vegetation  and  the  shrubs  are  not  thick.  The 
reproduction  is  good  and  ranges  in  age  from  two  to  five  years.  The 
fire  that  occurred  late  in  the  spring  burned  heavily  into  the  ground,  and 
has  been  beneficial  in  clearing  the  ground  of  the  herbaceous  vegetation 
and  the  bushes  which  covered  the  ground.  This  elimination  of  weeds 
and  poor  vegetation  on  the  sandy  soil  of  the  Norway  pine  land  has  kept 
the  soil  comparatively  free  of  herbaceous  vegetation  and  afforded  good 
conditions  for  the  seed  of  Norway  pine  to  lodge  in  the  ground  and  come 
up,  although  the  seed  crop  years  after  1904  were  very  scanty  and  poor. 

North  of  the  track  there  is  an  excellent  Norway  pine  reproduction 
which  dates  from  the  time  of  the  first  logging.  This  area  was  also 
burned  over  in  1904,  but  early  in  the  spring,  when  the  frost  was  still  in 
the  ground  and  no  damage  was  done  to  the  reproduction  which  had  then 
just  started.  The  land  is  also  Norway  pine  land,  with  comparatively  thin 
vegetation,  and  the  reproduction  is  mostly  five  years  old,  which  shows 
that  it  started  in  the  year  of  the  heavy  seed  crop,  in  1904,  and  since  no 
fires  have  burned  over  this  ground  since  1904,  it  has  not  been  interfered 
with. 

The  results  obtained  on  these  two  areas  indicate  the  conditions  which 
are  favorable  to  a  good  natural  reproduction  of  Norway  pine.  These  con- 
ditions consist  of  a  good  seed  year  at  the  time  of  cutting  and  of  ground 
comparatively  free  from  weeds.  On  Norway  pine  land  vegetation  is  usually 
not  very  thick,  and  if  at  the  time  of  logging  there  happens  to  be  a  good 
seed  year  and  the  ground  is  burned  over,  the  seed  of  Norway  pine  finds 
favorable  conditions  for  germinating,  starting  up,  and  getting  ahead  of 
vegetation  that  will  spring  up  later.  Should,  however,  the  logging, 
which  is  practically  clean  cutting,  occur  at  a  time  when  there  is  no  seed 
year  or  a  very  poor  seed  year,  the  unshaded  ground  becomes  quickly 
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covered  with  vegetation.  The  latter,  in  many  cases,  takes  complete  pos- 
session of  the  ground  and  prevents  for  many  years  the  coming  in  of 
Norway  pine.  The  leaving  of  only  5  per  cent  of  the  volume  of  the  stand 
means  practically  clean  cutting.  One  or,  at  the  most,  two  trees  to  the 
acre  left  on  an  average  for  a  section  cannot,  of  course,  afford  any  shade 
to  the  ground,  and  the  latter  becomes  quickly  grown  over  with  other 
vegetation  unless  the  pine  seed  gets  into  the  groimd  first. 

White  Pine  Cuttings 

This  is  strikingly  apparent  on  white  pine  land,  which,  being  generally 
of  a  better  quality,  supports  a  heavier  herbaceous  vegetation  than  the 
poor  sandy  land  of  the  Norway  and  jack  pines.  On  the  oldest  white 
pine  cuttings  on  section  27  the  bushes  and  herbaceous  vegetation  form 
almost  an  impenetrable  undergrowth.  White  pine  seedlings  that  were 
found  on  these  areas  mostly  antedate  the  time  of  logging,  which  shows 
that  they  started  when  the  old  stand,  by  offering  some  protection  to  the 
ground,  kept  out  the  undergrowth  from  completely  occupying  the  ground. 
The  logging  on  section  27  was  in  a  windfall;  the  white  pine  trees  were 
dead  and  leaning  at  the  time  of  logging,  and  afforded,  of  course,  an  in- 
adequate protection  to  the  ground,  and  there  was  some  undergrowth 
prior  to  logging,  but  it  became  much  thicker  and  heavier  after  logging. 
The  occasional  seedling  or  group  of  seedlings  that  are  found  on  this 
area  are  mostly  in  places  where  herbaceous  vegetation  is  lackmg  or 
under  the  protection  of  aspen,  willow,  or  some  other  taller  bushes  under 
which  the  ground  is  free  of  weeds. 

The  appearance  of  aspens,  hazel  bushes,  dogwood,  raspberry  bushes, 
ferns,  and  herbaceous  plants  has  been  noticed  on  nearly  all  cuttings  that 
were  made  during  poor  seed  years,  and  to  a  much  greater  extent  on  the 
better  white  pine  land.  On  the  poor,  sandy  Norway  pine  land  vegeta- 
tion was  found  to  be  less  thick,  and  therefore  interfered  less  with  pine 
reproduction.  This  explains  the  commonly  accepted  view  that  Norway 
pine  cuttings  more  readily  reproduce  themselves  than  the  white  pine 
cuttings.  This  has  been  clearly  demonstrated  in  the  cuttings  of  1906 
on  sections  28,  29,  32,  33,  and  20. 

Conclusions 

The  examination  of  the  cut-over  areas  on  this  Forest  shows  that  while 
there  are  areas  with  a  fairly  good  reproduction,  especially  of  Norway 
pine  on  Norway  pine  land,  this  was  due  to  accidental  combination  of 
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circumstances,  rather  than  to  the  method  of  silvicultural  treatment  now 
adopted  on  the  Forest.  A  good  seed  year  at  the  time  of  logging,  fol- 
lowed the  same  year  by  a  light  ground  fire,  or  even  without  a  fire,  when 
the  soil  is  stirred  up  by  the  skidding  of  logs,  creates  conditions  favorable 
for  a  good  reproduction  of  the  pine.  When  any  of  these  conditions  are 
lacking  the  reproduction  is  uncertain,  and  is  apt  to  be  a  failure  rather 
than  a  success. 

I  wish  to  emphasize  that  in  speaking  of  reproduction  I  do  not  mean 
a  few  seedlings,  or  even  a  few  hundred  seedlings,  to  the  acre.  I  mean 
a  reproduction  which  is  sufficient  to  produce  a  hundred  years  hence  a 
merchantable  stand  of  timber.  Allowing  for  the  natural  thinning  out 
of  the  young  growth,  there  must  be  at  least  between  fifteen  hundred  and 
two  thousand  seedlings  to  the  acre  in  order  to  produce  a  merchantable 
stand  at  the  time  of  maturity.  A  few  hundred  seedlings  per  acre  xnay 
be  capable  of  growing  up  and  producing  a  large  amount  of  seed,  but  can- 
not produce  a  merchantable  stand  of  timber.  On  any  forest,  managed 
under  some  kind  of  a  working  plan  in  which  natural  reproduction  is  the 
adopted  method  of  regeneration  of  the  cut-over  areas,  a  certain  time  is 
allotted  during  which  there  must  be  a  complete  regeneration  of  the  old 
cuttings.  This  period  may  vary  from  five  to  ten,  or  even  twenty,  years ; 
but  if  during  this  regenerative  period  no  natural  reproduction  takes 
place,  or  the  reproduction  is  poor  and  not  capable  of  producing  a  mer- 
chantable stand,  the  natural  reproduction  must  be  recognized  as  a  failure. 
If  the  cut-over  area  is  to  be  reproduced  at  all,  artificial  means  must  be 
resorted  to. 

On  the  Minnesota  National  Forest  the  logging  is  carried  on  every 
year  without  any  reference  to  the  presence  or  absence  of  a  good  seed 
crop.  The  burning  over  of  the  ground  at  the  time  of  burning  the 
brush,  as  it  happened  on  section  28,  is  merely  an  accident,  and  since  the 
brush  is  now  burnt  during  the  winter  a  repetition  of  such  an  accident  is 
less  apt  to  occur.  With  the  constantly  growing  efficiency  in  fire  patrol 
and  fire  prevention  by  means  of  fire  lines  along  the  railroad  tracks, 
etc.,  fire  as  a  means  of  clearing  the  ground  of  vegetation  will  play  a 
less  important  part.  Under  such  conditions  the  present  method  of  silvi- 
cultural treatment  will  tend  to  result  in  the  cut-over  areas  becoming 
grown  over  with  rank  vegetation,  which  will  check  the  coming  in  of  the 
pine  for  many  years  to  come.  This  will  be  especially  true  on  the  white 
pine  land,  which  is  capable  of  supporting  a  much  more  varied  and  thicker 
vegetation  than  the  poor  sandy  lands  of  Xorway  and  jack  pines.  On 
areas  which  will  be  logged  over  during  the  years  of  a  heavy  seed  crop, 
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the  cut-over  areas  may  quickly  come  up  to  pine  again,  but  on  areas  which 
will  be  logged  over  during  years  of  poor  seed  crops  or  no  seed  at  all,  the 
reproduction  on  the  cuttings  will  in  most  cases  be  delayed  for  many 
decades.  Nature,  if  left  alone,  will  gradually  bring  back  the  original 
forest  on  the  land  most  suitable  for  it,  but  it  will  take  decades  to  do  this. 

The  facts  observed  necessarily  force  one  to  the  conclusion  that  the 
ideal  way  to  handle  the  white  and  Norway  pine  on  this  Forest  would  be 
not  to  cut  them  clean,  as  is  done  at  present,  but  to  cut  them  oflE  in  two 
successive  loggings,  separated  by  an  interval  of  from  15  to  20  years.  In 
the  first  logging  there  should  be  removed  only  so  many  trees  as  will  en- 
courage the  development  of  larger  crowns  on  the  remaining  trees  and 
make  them  produce  a  larger  amount  of  seed.  In  the  first  logging  the 
forest  should  not  be  opened  so  as  to  encourage  the  coming  up  of  rasp- 
berry and  hazelnut  bushes,  willows,  or  of  any  other  herbaceous  plants. 
With  the  forest  slightly  open,  yet  the  ground  fairly  shaded,  and  there- 
fore comparatively  free  of  herbaceous  vegetation,  and  with  a  large 
amount  of  seed  produced  by  the  remaining  trees,  it  is  natural  to  expect 
that  there  will  spring  up  an  undergrowth  of  white  and  Norway  pine 
under  the  shelter  of  the  mother  trees.  After  this  pine  undergrowth  is 
well  established  and  has  reached  a  height  of  from  2  to  3  feet,  the  remain- 
ing trees  should  be  removed  in  the  second  logging  and  the  reproduction 
freed  of  shade.  That  this  method  is  adapted  to  both  Norway  and  white 
pine  stands,  but  especially  to  the  white  pine  stands,  is  clearly  shown  by 
the  presence  of  a  fairly  good  reproduction  of  white  and  Norway  pine 
iinrler  the  shelter  of  the  old  trees  in  stands  which  had  not  yot  been  logged. 
IMoreover,  the  white  pine  seedlings,  as  a  matter  of  fact,  need  protection 
for  at  least  the  first  four  or  five  vears  of  their  life  bv  the  old  trees,  and 
the  same  is  true,  though  'perhaps  to  a  lesser  degree,  of  the  Norway  pine. 

This  is,  of  course,  the  ideal  which,  under  present  economic  conditions 
and  the  comparative  low  stand  of  timber  per  acre,  may  not  be  attainable. 

Since  the  removal  of  the  present  mature  stands  in  two  loggings  may 
not  be  advisable  for  economic  reasons,  the  logging  of  the  timber  should 
at  least  be  confined  either  to  years  of  good  seed  crops  or  the  cutting, 
which  must  be  made  when  no  seed  is  produced,  and  for  this  reason  be- 
come overgrown  with  vegetation,  should  be  cleared  of  the  latter  by  fire 
or  any  other  artificial  means  in  the  year  preceding  a  good  seed  crop. 
The  removal  of  vegetation  from  the  old  cuttings  prior  to  a  good  seed 
year  makes  conditions  favorable  for  natural  reproduction.  It  may  seem 
paradoxical,  yet  it  seems  true  that  fire,  which  is  largely  responsible  for 
the  deterioration  of  our  forests,  in  the  hands  of  a  forester,  if  intelli- 
gently applied,  may  become  the  means  of  their  recovery. 
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These  conclusions  are  based  only  on  a  few  days'  observation  at  a  time 
when  the  thick  undergrowth  might  have  prevented  seeing  a  much  larger 
number  of  pine  seedlings,  and  therefore  lead  to  more  pessimistic  con- 
clusion. A  study  of  these  cuttings  in  September  or  early  in  the  spring, 
when  the  deciduous  vegetation  is  bare,  especially  in  connection  with  a 
detailed  history  of  the  original  stand,  number  of  trees  left,  logging,  etc., 
would  furnish  a  more  solid  foundation  for  conclusions. 


SILVICULTURAL    SYSTEMS    OP    MANAGEMENT    FOR    CEN- 
TRAL ROCKY  MOUNTAIN  FORESTS 

OABLOS  O.  BATES 
(Contributed) 

The  following  statement  of  the  systems  of  management  applicable  to 
the  various  species  found  in  the  central  Rocky  Mountains  is  merely  a 
survey  of  present  procedures,  and  is  not  in  any  sense  final. 

Management  of  the  National  Forests  at  present  is  very  largely  directed 
with  a  view  to  building  up  the  lumber  business,  and  at  the  same  time 
improving  the  character  of  the  virgin  forests.  It  is  impossible  to  say 
how  far  we  are  from  the  ideal  system  of  management  for  any  of  the  im- 
portant species,  but  it  is  certain  that  the  ideal  cannot  be  reached  until 
economic  conditions  have  greatly  improved,  and  until,  by  a  gradual 
process,  the  virgin  forest  has  been  transformed  into  a  normally  stocked 
forest.  The  methods  which  are  outlined  herewith  and  the  ideas  which 
are  expressed  are  open  to  wide  discussion.  Such  discussion,  however, 
must,  to  be  of  value,  be  based  upon  a  familiarity  with  the  local  condi- 
tions which  control  and  are  likely  to  control,  for  years  to  come,  the 
management  of  the  forests. 

While  timber  sales  must  be  handled  under  the  conditions  described 
above,  it  is  quite  possible  at  this  stage  to  carry  out  certain  theoretical 
and  ideal  systems  of  management  on  a  very  small  scale.  This  is  being 
done  already  on  several  forests  where  permanent  sample  plots  have  been 
laid  out,  and  these,  together  with  all  such  valid  conclusions  as  can  be 
obtained  from  general  observations  of  cut-over  areas,  are  certain  to 
form  the  basis  for  future  silvicultural  management. 

Management  of  Engelmann  Spruce 

Characteristics  of  the  Species  > 

Engelmann  spruce  is,  above  all,  a  tolerant  tree.     It  demands  a  great 

deal  of  moisture,  and  hence  is  favored  by  cool  situations  with  a  short  t 

growing  season.     These  are  to  be  found  either  in  pockets  or  on  north  i 

slopes  at  middle  altitudes,  or  on  any  but  the  most  exposed  slopes  at  Ai 

higher   altitudes.     The   tree   usually   produces   seed   in   some   quantity  ;: 

every  year,  but  the  seedlings  are  not  favored  by  a  thick  humus,  which  is  '^;; 

(1%;  >f. 
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usually  found  in  dense  Engelmann  spruce  stands.  A  moderate  amount 
of  light,  which  permits  the  gradual  decomposition  of  the  humus  and  an 
exposure  of  the  mineral  soil,  induces  reproduction  of  this  species.  Ob- 
servations on  sample  areas  have  shown  that  where  Engelmann  spruce 
and  alpine  fir  were  both  present  in  the  original  stand  the  reproduction 
of  Engelmann  predominates  with  a  crown  density  of  less  than  .5,  while 
alpine  fir  reproduction  predominates  with  a  crown  density  of  more  than 
.5;  hence  it  may  be  said  that  spruce  is  less  tolerant  than  alpine  fir. 
Spruce  is  very  frost-hardy,  because  by  habit  and  environment  it  is  in- 
duced to  commence  growth  only  when  the  season  is  well  advanced. 
Growth  is  stopped  early  in  the  fall. 

Characteristics  of  the  Engelmann  Type 

Engelmann  spruce  almost  invariably  occurs  in  uneven-aged  stands. 
All  sizes  are  represented,  the  average  maximum  being  about  30"  D.  B.  H. 
Trees  often  remain  sound  until  they  attain  an  age  of  300  to  400  years. 
Merchantable  size,  however,  which  may  be  set  at  from  14  to  16  inches 
D.  B.  H.  for  saw  timber,  is  usually  reached  at  about  the  age  of  150 
years,  or  at  high  altitudes  and  in  very  cool  situations  at  200  years.  One 
hundred  and  fifty  years  may  be  placed  as  the  rotation  period  for  Engel- 
mann spruce  in  the  average  situation.  The  common  associates  at  lower 
elevations  are  alpine  fir  in  the  moist  situations  and  lodgepole  in  the 
drier  situations. 

The  stands  are  dense  unless  they  have  been  damaged  by  fire,  which  is 
of  rare  occurrence  in  this  type  on  account  of  the  constantly  moist  condi- 
tion of  the  ground.  On  account  of  their  rare  occurrence,  fires  are 
usually  fierce  in  the  spruce  type  and  fatal  to  all  the  trees.  Both  at  the 
higher  elevations  and  in  the  pockets  where  Engelmann  spruce  occurs  at 
lower  elevations,  the  snow  is  retained  until  mid-summer,  and  the  season 
when  fires  are  possible  is  very  short.  The  stands  frequently  run  from 
10,000  to  15,000  feet  B.  AF.  of  merchantable  timber,  with  20  to  30  trees 
per  acre  of  merchantable  size.  A  cut  of  5,000  feet  B.  M.  per  acre  is,  in 
most  cases,  necessary  to  satisfy  the  purchaser,  since  the  timber  usually 
occurs  in  inaccesible  places  where  logging  is  expensive. 

The  selection  system  only  is  applicable  to  Engelmann  spruce  because 
of  the  uneven-aged  character  of  the  stand.  The  system  is  feasible,  and 
probably  will  undergo  little  alteration,  because  the  tree  is  tolerant  and 
is  quite  certain  to  reproduce  well.  The  following  case,  taken  from  the 
Tjeadville  Forest,  shows  what  is  ordinarily  done  in  a  sale  of  Engelmann 
spruce: 
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Original  stand:  11,000  feet  B.  M.  per  acre;  80  trees,  6"  or  over  D.  B. 
H. ;  40  saplings  per  acre;  100  seedlings  per  acre. 

Amount  cut :  6,000  feet  B.  M.  per  acre,  divided  between  30  trees  with 
an  average  diameter  of  about  20  inches. 

The  marking  was  entirely  by  the  selection  system,  with  a  view  to  re- 
moving as  many  mature,  overmature,  and  defective  trees  as  possible. 
The  brush  was  lopped  and  scattered.  The  advantages  of  this  system  of 
cutting  Engelmann  spruce  are: 

1.  The  diameter  limit  is  not  fixed,  and  the  cutting  of  alpine  fir  seed 
trees,  wherever  they  occur,  is  made  possible. 

2.  The  opening  is  suflBcient  to  induce  Engelmann  spruce  reproduction 
rather  than  alpine  fir,  should  any  seed  trees  of  the  latter  be  left. 

3.  Slow-growing  trws  are  removed,  and  the  stand  is  left  in  condition 
to  make  rapid  volume  increment. 

4.  A  good  number  of  trees  which  are  of  merchantable  size,  or  will 
soon  be,  are  left  on  the  ground  to  insure  a  seed  crop,  and  a  second  cut- 
ting within  a  reasonable  period,  say  20  years. 

5.  The  soil  cover  is  not  sufiiciently  exposed  to  induce  detrimental 
drying  out  or  to  reduce  the  value  of  the  forest  for  protective  purposes. 

6.  The  operator  is  not  put  to  the  unnecessary  expense  of  piling  brush, 
because  the  fire  danger  is  not  sufiicient  to  warrant  it;  hence  a  higher 
stumpage  price  is  secured. 


Managkmbnt  of  Douglas  Fiu 

Characteristics  of  the  Speci-es 

Douglas  fir  is  moderately  tolerant  and  only  moderately  exacting  as  to 
the  amount  of  moisture  in  the  soil.  The  tree  grows  moderately  well  on 
exposed  south  slopes  where  moisture  is  deficient.  Reproduction,  how- 
ever, occurs  in  such  situations  only  where  the  surface  moisture  is  con- 
served by  a  nurse,  such  as  aspen  or  shrubbery.  The  growth  of  Douglas 
fir  in  the  Rocky  Mountains  docs  not  compare  with  that  of  the  Pacific 
Coast  form,  a  diameter  of  12  inches  being  seldom  obtained  in  less  than 
100  years.  The  quality  of  the  wood,  so  far  as  toughness  and  durability 
are  concerned,  is  somewhat  superior  to  that  of  the  more  rapid  growing 
coast  form.  It  is  highly  prized  for  railroad  ties,  telephone  poles,  and 
fence  posts,  and  somewhat  used  for  dimension  stuff,  but  never  yields  the 
large  dimensions  which  are  obtained  on  the  coast  and  is  seldom  used  for 
boards. 
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Characteristics  of  the  Type 

Douglas  fir  seldom  occurs  in  pure  stands.  It  is  a  tree  of  middle  alti- 
tudes. Yellow  pine  invades  the  type  on  south  slopes  and  other  exposed 
situations  from  the  lower  edge,  while  Engelmann  spruce  invades  the 
type  on  all  of  the  more  moist  and  favorable  situations  from  the  upper 
edge.  Where  found  in  mixture  with  Engelmann  spruce,  Douglas  fir,  if 
growing  thriftily,  is  always  to  be  favored  in  the  management,  on  account 
of  the  superior  quality  of  its  wood.  In  mixture  with  yellow  pine  the 
preference  of  species  is  very  doubtful,  and  must,  in  all  cases,  be  deter- 
mined by  the  local  quality  of  the  trees  and  the  local  demands  for  the  two 
diameters.  Good  stands  of  Douglas  fir  are  seldom  of  great  extent,  and 
hence  in  any  locality  the  average  stand  per  acre  is  seldom  over  2,000  or 
3,000  feet  B.  M.  In  many  cases  it  would  not  be  possible  to  cut  500  feet 
B.  M.  per  acre,  if  all  of  the  merchantable  trees  were  taken. 

On  account  of  the  great  value  of  watershed  protection  at  the  altitudes 
where  Douglas  fir  occurs  and  where  the  snow  at  best  melts  all  too  rap- 
idly in  the  spring,  Douglas  fir  in  the  Kocky  Mountains  may  never  be 
cut  clear,  even  though  this  were  best  from  the  silvicultural  standpoint. 
Many  Douglas  fir  areas  must  be  left  practically  undisturbed  for  pro- 
tective purposes. 

The  following  case  shows  the  character  of  a  cutting  on  the  Rio  Grande 
Forest  in  a  mixed  stand  of  yellow  pine  and  Douglas  fir : 

Original  stand:  3,000  feet  B.  M.  per  acre,  of  which  about  two-thirds 
was  yellow  pine;  15  trees,  over  6"  in  diameter,  per  acre;  25  saplings  per 
acre;  15  seedlings  per  acre. 

Amount  cut :  Average  diameter  of  trees  cut :  Yellow  pine,  23" ;  Doug- 
las fir,  25".  Average  height  both  species,  65'.  Average  number  trees 
per  acre:  2.7  yellow  pine;  1.3  Douglas  fir.  Average  volume  per  acre 
obtained:  1,070  feet  B.  M.  yellow  pine;  530  feet  B.  M.  Douglas  fir. 

Amount  left:  About  1,100  feet  B.  M.,  mostly  pine. 

The  effect  of  such  a  cutting  as  this  upon  reproduction  is  very  doubt- 
ful. If  aspen  is  present  as  an  understudy,  as  it  so  often  is  with  Douglas 
fir,  it  is  probable  that  reproduction  will  gradually  appear,  but  it  cer- 
tainly is  not  assisted  by  the  removal  of  any  trees  from  a  stand  which  was 
originally  so  light.  The  only  strong  argument  for  a  sale  in  this  class 
of  timber  is  that  if  not  removed  the  four  trees  per  acre,  with  a  diameter 
of  24",  would  soon  deteriorate  and  be  lost. 

Management  op  Yellow  Pine 

There  are  two  distinct  classes  of  yellow  pine  forests  in  District  2. 
The  most  common  type  is  that  which  is  found  in  foothills  and  up  to 
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elevations  of  approximately  9,000  feet,  where  the  rainfall  seldom  exceeds 
15"  per  annum.  At  these  low  elevations  a  loose,  gravelly  soil  is  com- 
mon, but  the  tree  is  also  often  found  on  loamy  soils  above  sandstone  or 
conglomerate.  In  these  situations  yellow  pine  invariably  forms  an  open 
stand,  with  from  25  to  30  trees  per  acre  as  a  maximum.  Often  in  this 
class  of  yellow  pine  timber  the  trees  are  large  and  yield  as  much  as 
2,000  or  3,000  feet  B.  M.  in  rare  cases. 

The  other  class  of  yellow  pine  is  that  found  in  the  southern  portion 
of  the  Black  Hills,  where  the  rainfall  is  from  25  to  30  inches  per  an- 
num, and  in  the  Wet  mountain  division  of  the  San  Isabel  Forest,  where 
the  rainfall  is  almost  or  fully  as  great.  In  this  class  of  yellow  pine  the 
trees  are  usually  slow  growing,  attain  a  maximum  diameter  of  about 
25",  and  occur  in  stands  of  at  least  200  trees  per  acre.  The  reason  for 
the  occurrence  of  yellow  pine  in  this  locality,  on  ground  belonging  by 
reason  of  moisture  to  Douglas  fir,  has  never  been  fully  explained. 

Yellow  pine  is  characteristically  intolerant  and  demands  a  large 
amount  of  sunshine  and  a  long  growing  season.  The  most  rapid  growth 
occurs  where  these  factors  are  combined  with  a  good  moisture  supply. 
The  extremely  slow  growth  of  yellow  pine  on  the  San  Isabel  and  in  the 
Black  Hills  is  explained  by  the  large  amount  of  moisture  which  induces 
dense  stands  of  reproduction  and  competition  between  the  trees  in  early 
life,  retarding  the  growth  of  all  individuals  alike.  In  the  Black  Hills 
the  merchantable  diameter,  16  to  17  inches  D.  B.  H.,  is  usually  attained 
in  about  200  years.  In  the  first  class  of  yellow  pine — that  is,  the  stands 
which  are  characteristically  open  and  contain  a  small  number  of  trees 
per  acre — reproduction  is  extremely  difficult  to  obtain  on  account  of  the 
low  moisture  content  of  the  soil  and  the  dryness  of  the  spring  season. 
The  protective  value  of  such  forests  is  at  best  very  little,  since  the  snow, 
regardless  of  the  tree  growth,  is  melted  early  in  the  spring  and  is  of  such 
small  volume  that  most  of  the  moisture  is  taken  into  the  loose  soil. 
Consequently,  cutting  is  done  with  only  a  regard  for  leaving  seed  trees, 
the  seed  from  which,  after  severe  logging  or  some  artificial  scratching 
of  the  soil,  may  find  a  suitable  bed.  In  this  connection  it  is  well  to 
mention  that  the  strongest  factor  in  preventing  yellow  pine  reproduc- 
tion is  undoubtedly  the  sod  which  covers  the  ground  even  before  cutting 
is  done,  and  which  has  a  preemption  on  all  of  the  surface  moisture. 

Five  or  ten  good  trees  per  acre  are  considered  sufficient  for  seeding 
purposes,  but  since  the  species  usually  occurs  in  groups  of  somewhat  even 
age,  it  is  frequently  desirable  to  leave  in  a  group  a  larger  number  than 
this  of  thrifty  young  trees,  taking  all  of  the  larger  trees  which  are  scat- 
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tered  between  the  groups  and  which  are  ripe  for  the  axe.     Such  a  cut- 
ting as  this  has  recently  been  done  on  the  San  Juan  National  Forest : 

Original  stand:  4,500  feet  B.  M.  per  acre;  25  trees  over  6"  D.  B.  II.; 
8  saplings  per  acre;  6  seedlings  per  acre. 

Amount  cut:  3,255  feet  per  acre;  number  of  trees,  8^^  per  acre;  aver- 
age diameter  trees  cut,  22". 

The  advantage  of  a  cutting  of  this  kind  in  yellow  pine  is  that  the  log- 
ging is  severe  enough  to  considerably  stir  the  soil,  and  some  reproduc- 
tion may  be  invited.  The  danger  from  fire  is  removed  by  piling  and 
burning  the  brush.  The  mature  and  over-mature  timber  is  disposed  of 
before  it  can  deteriorate.  . 

The  great  disadvantage  of  this  cutting  is  that  reproduction  is  not 
assured  and  that  artificial  means  may  necessarily  be  resorted  to  to  fill 
up  the  spaces  left  by  the  removal  of  the  large  trees.  Such  treatment 
would  probably  consist  simply  of  stirring  the  ground  or  in  some  way 
destropng  the  heavy  sod.  The  disposal  of  the  brush  by  scattering  it 
evenly  over  the  areas  on  the  leeward  sides  of  the  trees,  where  seed  is 
most  likely  to  fall,  has  been  found  helpful  to  reproduction  by  conserving 
the  surface  moisture  and  by  preventing  frost  damage  to  seedlings  which 
spring  up  in  the  late  sunmier.  In  most  cases  this  measure  appears  to  be 
impracticable  because  of  the  great  danger  from  fire,  and  it  cannot  be 
generally  advocated  until  public  sentiment  is  thoroughly  in  disfavor  of 
forest  fires. 

With  yellow-pine  stands,  such  as  occur  on  the  Black  Hills  National 
Forests,  the  volume  per  acre  is  little  more  than  is  found  elsewhere,  and 
has  been  much  longer  in  accruing.  From  stands  of  6,000  feet  B.  M.  per 
acre  arc  usually  cut  at  least  4,000  feet,  leaving  a  few  inmiature  trees  in 
wind-firm  groups  for  seeding  purposes.  Since,  in  most  cases,  there  is 
already  a  good  stand  of  reproduction  and  of  saplings  on  the  ground,  the 
seed  trees  are  simply  left  as  a  precaution  against  the  loss  by  fire  which 
may  occur  soon  after  the  cutting.  If  the  area  is  not  visited  by  fire  the 
groups  of  seed  trees  may  well  be  removed  in  from  10  to  20  years,  and 
the  volume  left  in  them  is  sufficient  to  warrant  cutting  over  the  area 
within  that  period. 

Management  of  Lodgepolb  Pine 

Although  lodgepole  pine  is  individually  a  secondary  tree  and  a  kind 
of  forest  weed,  its  commercial  importance  in  District  2  must  not  be 
underestimated,  since  it  occupies  probably  more  extensive  areas  than 
any  other  single  species.    This  is  commonly  thought  to  be  a  result  of 
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fires,  and  the  lodgepole  pine  type  has  been  described  by  some  as  a  tern* 
porary  type.  However,  in  many  localities  lodgepole  has  come  to  stay, 
and  could  not  possibly  be  replaced  by  any  other  means  than  artificial 
reforestation. 

Characteristics  of  the  Species 

The  demands  for  moisture  by  lodgepole  pine  are  second  only  to  those 
of  Engelmann  spruce,  and  the  tree  is  commonly  found  in  the  better 
situations  which  might  be  occupied  by  Douglas  fir  and  in  the  lower 
reaches  of  the  altitudinal  range  of  Engelmann  spruce.  The  tree  is  con- 
siderably less  tolerant  than  Engelmann  spruce,  as  shown  by  the  fact 
that  it  may  gradually  be  replaced  by  spruce,  where  the  two  occur  in 
mixture.  The  rate  of  growth  is  uniformly  slow,  particularly  on  account 
of  the  short  growing  season  at  the  elevations  where  lodgepole  occurs, 
but  more  on  account  of  the  dense,  crowded  condition  of  the  stands  in 
which  lodgepole  is  found.  It  is  no  uncommon  thing  to  find  trees  200 
years  old  which  are  not  over  12"  in  diameter.  The  average  11"  tree, 
which  is  big  enough  to  produce  ties,  is  probably  about  150  years  old. 

Characteristics  of  the  Stand 

While  it  does  not  seem  possible  that  a  tree  so  intolerant  as  lodgepole 
can  grow  in  a  natural  selection  or  all-aged  stand,  yet  the  stands  of  lodge- 
pole are  never  of  even  size.  Most  of  the  stands,  it  may  safely  be  said, 
have  come  in  within  a  few  years  after  a  fire,  and  of  the  original  seedlings 
which  may  have  numbered  as  many  as  10,000  to  the  acre,  there  have 
been  some  natural  leaders  which  have  developed  much  more  rapidly 
than  others.  These  are  the  dominant  trees  of  the  present  stands,  and 
below  them  are  trees  in  all  stages  of  suppression.  In  such  stands  a  tree 
of  3"  diameter  may  be  fully  as  old  as  a  tree  of  12"  diameter.  Also,  in 
any  area  of  considerable  extent  which  appears  to  have  been  covered  by 
fire,  there  are  certain  to  be  small  groups  of  trees  which  were  left  from 
the  original  stand.  At  a  certain  stage  these  are  found  as  large,  liraby, 
stag-headed  trees,  usually  defective  at  the  base,  surrounded  by  trees  in 
the  pole  stage.  At  a  later  stage,  the  spaces  occupied  by  the  large  trees 
may  be  vacant  or  occupied  by  reproduction,  while  the  stand  which  came 
in  after  a  fire  has  attained  the  size  of  standards. 

A  very  important  characteristic  of  lodgepole  stands  is  the  inflam- 
mable character  of  the  ground  litter,  probably  because  the  stands  are  so 
dense  that  snow  falls  evenly  in  the  forest  and  does  not  pack  or  drift; 
it  disappears  quite  early  in  the  spring  at  the  ordinary  elevation  where 
the  tree  is  found,  and  during  the  summer  the  litter  may  become  very 
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inflammable.  While  the  leaf  litter  is  usually  not  deep^  the  fire  danger 
is  commonly  added  to  by  the  presence  of  a  great  number  of  stems  of  sup- 
pressed trees  which  have  fallen. 

The  best  stands  of  lodgepole  pine  run  from  10,000  to  25,000  feet 
B.  M.  of  merchantable  saw  stuflf,  ties  and  mine  props,  together  with  sev- 
eral thousand  feet  of  dead  material  which  may  be  thrown  into  any  one 
of  these  classes. 

Improvement  Thinning 

Owing  to  the  prevalence  of  the  stand  conditions  which  have  been  de- 
scribed above,  the  present  problem  in  the  silvicultural  management  of 
lodgepole  pine  is  to  remove  the  rapidly  deteriorating  dead  and  over- 
mature trees.  Since  the  stands  may  run  from  200  to  500  trees  per  acre, 
with  an  average  diameter  of  12-8",  it  may  be  seen  that  such  an  improve- 
ment thinning  may  be  quite  heavy  without  reducing  the  growing  stock 
to  a  dangerous  point.  The  greatest  care,  however,  must  be  used  in 
almost  every  situation  where  lodgepole  has  grown  in  a  dense  stand,  not 
to  weaken  the  resistance  of  the  stand  to  the  effect  of  wind.  Many  cut- 
tings, which  have  been  very  desirable  for  the  improvement  of  the  stand, 
have  been  entirely  thwarted  in  their  purpose  by  windfalls  following  cut- 
ting. Wind  may  even  uproot  stands  which  have  not  been  touched  by 
the  axe,  so  that  it  is  almost  impossible  to  predict,  in  cutting,  how  much 
can  safely  be  taken.  The  point  which  deserves  the  greatest  consider- 
ation is,  under  what  soil  conditions  have  the  trees  grown  and  what  is 
the  development  of  the  roots?  With  an  intelligent  knowledge  of  these 
facts  much  more  heavy  cutting  could  be  done  in  some  localities  than  has 
been  done,  while  in  other  localities  the  restrictions  should  be  closer  than 
would  operate  to  the  best  interest  of  the  lumbermen.  The  following  is 
a  case  of  improvement  thinning  in  a  stand  in  which  the  dominant  trees 
are  of  log  and  tie  size,  and  in  a  region  where  the  danger  from  windfall 
is  great.     The  example  is  taken  from  southern  Wyoming : 

Original  stand:  Merchantable  material,  13,400  feet  B.  M.  per  acre; 
310  trees  above  6"  D.  B.  H. ;  178  saplings  per  acre;  15  seedlings  per 
acre. 

Amount  cut :  4,700  feet  B.  M.  merchantable  timber ;  40  trees  per  acre ; 
average  diameter,  12";  average  height,  55'. 

rt  must  be  seen  from  these  figures  that  the  improvement  cutting  in 
lodgepole,  while  taking  only  about  12  per  cent  of  the  total- number  of 
trees  per  acre,  is  removing  over  35  per  cent  of  the  total  volume,  and 
this  almost  wholly  in  the  form  of  trees  which  would  rapidly  deteriorate 
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if  left.     The  cutting  is  done  mainly  for  ties,  but  also  utilizes  all  mate- 
rial better  suited  for  saw  stuff  and  all  tops  which  will  make  mine  props. 

Selection  System 

It  is  almost  unnecessary  to  say  that  in  the  management  of  lodgepole 
the  point  has  not  yet  been  reached  where  the  best  silvicultural  system 
can  be  applied  without  detriment,  not  only  to  the  Government  in  the 
loss  of  timber,  but  also  to  the  purchaser  in  forcing  upon  him  material 
which  he  cannot  dispose  of,  or  too  little  material  to  make  his  operations 
profitable.  Improvement  thinnings  are  necessary  at  present,  to  avoid 
the  damage  above  described,  which  would  result  in  loss  to  both  parties. 
However,  a  great  many  attempts  have  already  been  made  to  apply  a 
final  cutting  system  to  lodgepole  which  would  lead  at  once  to  the  best 
condition  of  the  forest.  It  has  been  supposed  by  many  that  the  selec- 
tion system  was  applicable  to  lodgepole,  and,  in  fact,  that  the  operations 
of  an  improvement  thinning  could  be  considered  as  an  application  of 
the  pure  selection  system.  This  certainly  is  a  wrong  impression,  since 
lodgepole  is  an  intolerant  tree  which  cannot  reproduce  in  the  amount 
of  light  which  would  be  admitted  by  removing,  let  us  say,  one-seventh  of 
the  trees  at  every  20-year  return.  To  make  a  heavier  cutting  than  this 
would  certainly  be  inadvisable,  both  on  account  of  the  windfall  which 
would  result  and  on  account  of  tlie  long  period  which  would  elapse  before 
another  cutting  would  be  possible. 

The  Shelterwood  System 

The  shelterwood  system  is  just  as  far  from  being  applicable  to  lodge- 
pole pine  as  is  the  selection  system.  The  application  of  the  former  re- 
quires that  a  light  improvement  thinning  shall  be  made  to  strengthen 
the  firmness  of  the  trees,  and  that  this  shall  be  followed  after  a  few 
years  by  a  reproduction  cutting,  leaving  an  abundant  supply  of  seed 
trees.  The  system  cannot  possibly  be  applied  to  lodgepole,  because  on 
account  of  the  mixture  of  various  sizes  fully  30  per  cent,  by  number,  of 
the  trees  would  be  too  small  for  the  axe,  even  if  reproduction  had  been 
established.  More  important  than  this,  however,  is  the  great  age  of 
lodgepole  stands,  together  with  the  naturally  small  root  system  which 
probably  cannot  be  strengthened  by  expansion  when  the  tree  reaches  an 
age  of  150  years  or  more.  This  means  that  the  trees  left  for  seeding 
purposes  would  all  go  down  before  their  work  had  been  accomplished, 
since  undoubtedly  a  number  of  years  would  be  required  to  put  the  seed- 
bed in  the  proper  condition  for  germination. 
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The  Oroup  System 

The  system  of  management  which  seems  best  applied  to  lodgepole 
pine  is  the  group  or  group-selection  system.  It  has  been  suggested  on 
the  basis  of  a  140-year  rotation,  with  20-year  returns,  that  the  groups 
to  be  cut  should  be  about  60  feet  in  diameter,  comprising  about  1/15 
acre,  and  that  two  groups  per  acre  should  be  cut  at  each  return.  The 
advantages  of  this  system  and  the  applicability  to  lodgepole  are  shown 
herewith. 

1.  The  location  of  groups  could  be  made  to  conform  to  the  location 
of  the  large  and  overmature  trees,  which  occur  in  groups  in  almost  every 
mature  stand,  and  which  will  appear  gradually  in  stands  which  are  now 
of  pole  size. 

2.  The  cutting  at  each  return  would  comprise  2/7  of  the  volume  of 
the  stand,  consisting  mostly  of  the  largest  trees.  Supposing  a  present, 
overstocked  stand  of  15,000  feet  per  acre,  the  cut  would  be  at  the  outset 
4,300  feet  per  acre,  increased  somewhat  by  the  removal  of  individual 
large  trees  between  the  groups.  This  amount  is  suflBcient  for  the  pres- 
ent-day operator. 

3.  Openings  60  feet  in  diameter  would  admit  sufficient  light  for  the 
rapid  decomposition  of  the  humus,  producing  a  favorable  seed  bed. 
Seed  trees  would  be  close  at  hand.  The  seedlings  in  each  group  would 
grow  up  practically  under  the  conditions  of  an  even-aged  stand,  though 
somewhat  affected,  of  course,  by  the  trees  which  surround  the  opening. 

4.  The  desirable  condition  of  clear  cutting  (necessary  for  reproduc- 
tion) could  be  obtained  without  danger  to  the  protective  value  of  the 
forest.  Even  on  steep  slopes  erosion  would  have  no  opportunity  to  gain 
headway. 

5.  Openings  would  not  be  of  sufficient  size  to  induce  windfall,  since 
the  remaining  stand  would  be  largely  intact.  The  groups  of  timber  loft 
for  the  last  cutting  would  be  those  which  were  of  the  lowest  age  when 
the  system  was  installed,  and  would  have  abundant  opportunity  to  de- 
velop good  root  systems  which  would  make  them  wind  firm. 

6.  The  matter  of  brush  disposal  would  be  simplified,  since  it  would 
be  possible  to  make  in  each  opening  one  or  two  large  piles,  which  could 
be  burned  without  damage  to  the  8u;rrounding  trees.  The  burning  of 
the  brush  in  these  openings,  together  with  the  soil  disturbances  caused 
by  logging,  would  produce  ideal  conditions  for  the  starting  of  repro- 
duction. 

7.  Reproduction  starting  in  the  openings  would  be  free  from  damage 
at  later  cuttings,  since,  in  every  case,  trees  would  be  felled  toward  the 
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centers  of  the  openings  which  were  to  be  made.  This  is  perhaps  one  of 
the  most  important  items  which  a  true  selection  system  does  not  make 
provision  for. 

8.  The  bark  damage  to  standing  trees,  which  inevitably  results  in 
felling  lodgepole,  would  be  practically  eliminated.  This  is  of  great 
importance,  since  lodgepole  is  a  thin-barked  tree. 

It  seems  possible  that  this  group  system  can  be  applied  to  any  stand 
of  lodgepole,  with  very  slight  modifications.  Stands  which  contain  a 
large  number  of  small  suppressed  trees  of  great  age,  growing  under 
large  trees,  would  perhaps  suffer  some  loss,  but  at  best  it  cannot  be  ex- 
pected that  these  suppressed  trees  will  grow  very  well  if  freed  from 
cover.  Young  pole  stands  would  not  be  touched,  except  possibly  for 
improvement.  An  improvement  thinning  would  be  made  in  these 
stands  with  the  idea  of  developing  groups  of  different  ages  or  of  distinct 
sizes.  This  might  in  some  cases  lead  to  the  removal  of  a  few  dominant 
individuals  which  were  in  the  minority,  while  in  other  cases  it  would 
mean  the  removal  of  suppressed  individuals.  In  any  stand  of  consider- 
able area  the  needs  of  any  operator  for  any  kind  of  material  could  be 
satisfied,  provided  the  forester  always  kept  in  view  the  desirable  group- 
ing of  trees  of  the  same  age  and  the  elimination  from  every  group  of 
those  trees  which  are  either  older  or  younger  than  the  major  portion  of 
the  stand  in  that  limited  area. 


SEED  PRODUCTION  AND  HOW  TO  STUDY  IT:  DISCUSSION* 

S.  T.  DANA^  BRI8T0W  ADAMS,  0.  B.  TILLOTSOK,  AKD  RAPHAEL  ZON 

S.  T.  Dana:  The  authors  of  the  article  entitled  "Seed  Production 
and  How  to  Study  It/'  in  Vol.  6,  No.  2,  of  the  Proceedings  of  the  Society 
of  American  Foresters,  have  done  a  valuable  service  in  reviewing  the 
attempts  made  by  European  foresters  to  solve  the  problem  of  seed  pro- 
duction, and  especially  in  suggesting  a  definite  method  of  attacking  the 
problem  in  this  country.  Although  exhaustive  investigations  involving 
a  tremendous  amount  of  work  have  been  carried  on  by  such  well-known 
foresters  as  Lauprecht,  Schwappach,  and  Wimmenauer,  results  of  real 
scientific  or  practical  value  have  so  far  been  very  meager.  A  new  method 
of  investigation,  which  promises  better  results,  has,  however,  recently 
been  suggested  by  Russian  foresters,  notably  Ogievsky  and  Sobolev,t 
and  is  therefore  worthy  of  careful  consideration. 

Briefly  this  method  proposes  to  determine  the  number  of  pounds  of 
«^iTininable  seed  j)ro(luced  per  unit  of  area  for  a  given  forest  type.  This 
is  accomplished  by  the  study  of  sample  areas  so  located  as  to  be  repre- 
sentative of  the  type.  Tlie  total  amount  of  seed  produced  on  each  area 
is  found  by  means  of  sample  trees,  suitably  proportioned  among  the 
various  crown  classes  present.  All  of  the  cones  on  each  sample  tree  are 
collected,  and  the  seeds  are  then  extracted,  cleaned,  weighed,  and  their 
fertility  tested.  The  seed  production  of  each  tree  is  found  by  multiply- 
ing the  number  of  pounds  of  clean  seed  obtained  by  its  germination  per 
cent.  From  these  figures  the  seed  production  of  the  entire  plot  is  read- 
ily found,  and,  finally,  this  is  reduced  to  total  seed  production  per  unit 
area  (per  acre  in  this  countr}'). 

With  a  sufficient  number  of  plots  and  with  observations  covering  a 
sufficient  length  of  time,  this  method  will  theoretically  give  the  seed  pro- 
duction per  unit  area  for  a  given  type  and  for  good  and  bad  seed  years. 
The  practical  application  of  such  figures  is  obvious.  For  exarnple,  if 
the  sample  areas  have  shown  that  Douglas  fir  produces  500  pounds  of 
seed  per  acre  in  a  good  seed  year  and  300  pounds  per  acre  in  a  fair  year, 
a  National  Forest  containing  100,000  acres  of  Douglas  fir  type  would 


♦The  original  paper,  "Seed  Production  and  How  to  Study  It."  by  Raphael 
Zon  and  0.  R.  Tillotson,  the  discussion  of  which  is  printed  In  this  Issue  of  the 
Proceedings,  appeared  in  Vol.  VI,  No.  2,  of  the  Proceedings  of  the  Society  of 
American  Foresters,  October  15,  1911. 

tThe  authors  state  that  Sobichevsliy's  name  was  accidentally  substituted 
for  Sobolev's  In  the  previous  article. 
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produce  in  a  good  seed  year  50,000,000  pounds  of  Douglas  fir  seed  and 
in  a  fair  year  30,000,000  pounds.  Incidentally,  the  study  would  also 
yield  much  valuable  information  concerning  periodicity  of  seed  years 
and  the  external  and  internal  factors  influencing  seed  production. 

Sobolev^s  method  of  investigation  is  an  extremely  interesting  and  sug- 
gestive one ;  whether  it  can  be  generally  applied  in  actual  seed  collecting 
work  in  this  country  may,  however,  be  open  to  some  doubt. 

Every  one  will  probably  agree  that  in  a  careful  study  of  seed  produc- 
tion the  crop  should  actually  be  measured  quantitatively,  and  not  merely 
estimated  ocularly.  To  describe  the  seed  crop  as  poor,  fair,  or  good, 
would  be  as  inadequate  and  of  as  little  value  as  to  describe  a  stand  of 
timber  for  which  an  accurate  estimate  in  board  feet  was  wanted  as 
light,  medium,  or  heavy.  Furthermore,  there  can  be  no  question  but 
that  the  standard  for  measuring  the  seed  crop  should  be  the  quantity  of 
germinable  seed  produced,  rather  than  merely  the  quantity  of  seed  irre- 
spective of  its  quality.  This  has  been  recognized  in  this  country  for 
some  time,  and  germination  tests  are  now  made  of  practically  all  seed 
collected  as  a  basis  for  determining  the  amount  to  sow  in  nurseries  and 
in  field  operations.  In  the  method  suggested  by  Sobolev  and  elaborated 
by  the  authors  the  weight  of  the  germinable  seed  is  accepted  as  the 
standard.  This  is  more  satisfactory  than  the  total  number  of  germina- 
ble seeds  if  it  is  remembered  that  the  number  of  seeds  per  pound  varies 
widely  not  only  for  different  species,  but  even  for  the  same  species  in 
different  parts  of  its  range.  For  example,  yellow  pine  seed  from  the 
Black  Hills  National  Forest  in  South  Dakota  runs  about  20,000  seeds 
to  the  pound,  while  from  the  San  Isabel  National  Forest  in  Colorado  it 
runs  only  about  10,000  seeds  to  the  pound.  There  is  every  reason  to 
believe  that  each  seed  of  the  Black  Hills  crop  is  as  valuable  as  that  of 
the  San  Isabel  crop,  in  spite  of  its  smaller  size.  Assuming  that  the  two 
kinds  of  seed  have  the  same  germination  per  cent,  a  given  number  of 
pounds  of  yellow  pine  seed  from  the  Black  Hills  is  worth  approximately 
twice  as  much  as  the  same  amount  from  the  San  Isabel  Forest.  This 
point  must  always  be  borne  in  mind  in  comparing  the  seed  production 
of  any  species  in  different  parts  of  its  range. 

The  second  essential  feature  of  Sobolev's  method  is  the  determination 
of  the  seed  production  per  unit  of  area  by  means  of  sample  plots.  On 
this  point  there  may  well  be  some  difference  of  opinion.  Whether  the 
sample-plot  method  can  be  depended  upon  to  give  reliable  results  at  a 
reasonable  cost  under  all  conditions  appears  questionable. 

Measuring  the  seed  production  of  a  given  stand  is  analogous  to  meas- 
uring its  wood  production.    The  latter  can  be  done  in  either  of  two 
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ways :  by  the  use  of  yield  tableR  giving  the  contents  of  the  stand  per  acre 
or  by  the  use  of  volume  tables  giving  the  contents  of  individual  trees  in 
the  stand.  Yield  tables  are  generally  considered  preferable  whenever 
the  forest  is  unifonn  enough  to  permit  of  their  construction  and  ready 
application.  For  exaiaple,  in  even-aged,  fully-stocked,  pure  stands, 
normal  yield  tables  showing  the  contents  of  stands  at  different  ages  can 
readily  be  prepared  from  a  sufficient  number  of  judiciously  located 
sample  plots.  Tin  fortunately  the  majority  of  the  present  stands  in  this 
country  are  not  of  this  character.  Most  of  them  are  irregular,  either 
in  age,  density  of  stocking,  or  mixture  of  species,  or  often  in  all  of  these 
characteristics.  While  it  is  conceivable  that  empirical  yield  tables 
might  be  constructed  which  could  be  applied  to  such  stands  over  more 
or  less  restricted  regions,  both  their  preparation  and  their  application 
would  be  difficult.  Consequently  they  have  not  been  generally  resorted 
to,  and  under  such  circumstances  yield  tables  have  been  replaced  in 
estimating  by  volume  tables.  These  show  for  various  species  the  con- 
tents of  individual  trees  of  different  diameters  and  heights,  or  mer- 
chantable lengths.  When  properly  prepared  they  can  be  used  to  de- 
termine the  contents  of  any  stand  irrespective  of  its  regularity,  and 
thus  have  a  wider  field  of  usefulness  than  do  yield  tables. 

The  preparation  of  figures  showing  seed  production  per  acre  presents 
fully  as  many  difficulties  as  the  preparation  of  similar  figures  showing 
wood  production,  and  such  figures  are,  perhaps,  even  more  difficult  to 
apply  than  are  yield  tables.  For  fully-stocked,  even-aged,  practically 
pure  stands  it  is  entirely  conceivable  that  a  sufficient  number  of  well- 
ehosen  sample  areas  would  give  results  that  could  be  generally  applied 
to  that  type.  Tn  this  country  the  method  might  be  applicable,  for 
example,  in  stands  of  second-growth  white  pine  in  Xew  England,  lodge- 
pole  pine  in  the  Eocky  Mountains,  or  Douglas  fir  in  the  Northwest.  To 
obtain  reliable  figures,  however,  a  large  number  of  plots  would  have  to 
be  measured  in  order  to  cover  variations  due  to  differences  in  age,  char- 
acter of  stand,  and  local  conditions.  The  amount  of  work  and  the  cost 
involved  in  such  a  study  can  be  readily  appreciated. 

The  great  bulk  of  the  forests  in  this  country  are  mixed,  uneven-aged, 
and  irregularly  stocked,  and  it  is  difficult  to  see  how  the  sample  area,  or 
yield  table,  method  of  study  can  be  applied  to  these.  To  select  a  reason- 
able number  of  plots  which  would  give  reliable  figures  of  seed  production 
per  acre  for  mixed  hardwood  stands  in  the  East,  or  for  mixed  yellow 
pine-sugar  pine-incense  cedar  stands  in  California  would  be  prac- 
tically impossible.  It  is  conceivable  that  if  a  sufficient  number  of  plots 
were  taken  to  cover  all  conditions  the  results  could  be  generally  used 
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over  wide  areas,  but  the  cost  of  such  work  would  be  practically  prohibi- 
tive. Sample  plot  work  is  both  slow  and  expensive  in  studies  of  wood 
production;  it  is  necessarily  even  more  so  in  studies  of  seed  production, 
which  include  the  exacting  task  of  collecting  and  counting  the  cones, 
extracting  and  cleaning  the  seed,  and  making  germination  tests  of  it. 

Another  weakness  in  the  method  of  applying  figures  of  seed  produc- 
tion per  acre  to  wide  areas  lies  in  tlie  fact  that  seed  production  is  an  ex- 
tremely local  phenomenon.  While  with  most  species  there  is  a  general 
periodicity  in  seed  years,  it  is  nevertheless  true  that  the  seed  crop,  like 
fruit  and  agricultural  crops,  is  affected  by  local  conditions.  In  1910, 
for  example,  there  was  a  general  deficiency  of  yellow  pine  seed  through- 
out the  West,  yet  in  the  southern  part  of  the  Black  Hills  and  in  places 
in  Colorado  there  was  an  unusually  good  crop.  In  the  same  year  Douglas 
fir  seed  was  in  general  scarce,  but  in  restricted  localities  in  southern 
Montana  the  trees  bore  heavily.  When  the  crop  varies  locally  in  this 
way,  the  application  of  an  average  figure  to  whole  regions  becomes  ex- 
tremely difficult.  Seed  production  must  ordinarily  be  studied  locally 
and  by  individual  areas. 

If  quantitative  estimates  of  the  seed  crop  are  desired  for  practical  use 
in  seed  collecting  in  certain  localities,  is  the  unit  area  method  of  esti- 
mating the  most  satisfactory?  Cannot  better  results  be  obtained  under 
present  conditions  by  the  use  of  tables  showing  the  seed  production  of 
individual  trees,  in  the  same  wav  that  volume  tables  are  used  ? 

The  article  on  seed  production  under  discussion  states  that  "the  pro- 
duction of  seed  in  forest  trees  is  not  a  function  of  an  individual  tre(s 
but  is  really  the  function  of  the  whole  stand,  since  the  development  and 
the  life  processes  of  each  tree  in  the  stand  is  determined  by  the  density, 
composition,  and  age  of  the  stand  and  by  the  position  of  the  tree  in  the 
stand."  This  can  be  admitted  without  agreeing  with  the  deduction  that 
this  makes  it  necessary  to  study  the  seed  production  of  the  stand  by 
sample  plots.  Incidentally  it  might  be  pointed  out  that  even  in  sample 
plots  the  individual  tree  is  eventually  used  as  a  basis  for  finding  the  pro- 
duction of  the  entire  plot.  The  wood  production  of  a  tree  is  just  as 
much  a  function  of  the  entire  stand  as  is  its  seed  production;  but  this 
does  not  destrov  the  value  of  individual  tree  studies  as  a  basis  for  deter- 
mining  the  wood  production  of  the  stand.  It  is  universally  recognized 
that  volume  tables  prepared  from  a  sufficient  number  of  individual  tree<^ 
can  be  used  to  determine  the  volume  of  a  given  stand  with  as  much  accu- 
racy as  can  yield  tables.  Why  would  it  not  be  possible  to  prepare  a  sim- 
ilar table,  called  perhaps  a  "seed  production  table,"  which  would  give 
the  same  information  for  seed  production  that  volume  tables  do  for  wood 


SEED  PRODUCTION   AND  HOW   TO  STUDY  IT  121 

production?  Just  what  form  such  a  seed  production  table  should  take 
could  best  b6  determined  after  the  field  data  necessary  for  constructing 
it  had  been  collected.  Very  likely  it  should  be  based  on  diameter  and 
crown  classes,  rather  than  on  diameter  and  height  classes  as  in  an  ordi- 
nary volume  table,  since  it  is  undoubtedly  true  that  the  crown  develop- 
ment of  a  given  tree  largely  governs  its  seed-producing  capacity. 

The  data  on  which  such  a  table  should  be  based  could  be  obtained  by 
special  studies,  or  in  connection  with  the  regular  seed-collecting  work. 
Each  tree  studied  should  be  fully  described  as  to  its  diameter,  height, 
age  class  (exact  age,  if  possible),  crown  class,  and  development,  health 
and  condition,  and  relation  to  the  adjacent  stand.  A  record  should  be 
made  of  the  total  number  of  cones  and  number  of  bushels  of  cones  pro- 
duced; of  the  total  number  of  pounds  of  clean  seed  obtained,  together 
with  a  description  of  the  method  of  extracting  and  cleaning ;  and  of  the 
germination  per  cent  of  the  seed.  From  these  figures  can  readily  be 
derived  the  total  number  of  pounds  of  germinable  seed  produced  by  the 
tree,  together  with  other  data  of  value  in  the  general  study  of  seed  pro- 
duction. The  final  work  of  constructing  the  table  would  be  similar  to 
that  of  constructing  an  ordinary  volume  table. 

The  application  of  such  a  table  would,  of  course,  be  more  difficult 
than  the  application  of  a  volume  table,  owing  to  the  fact  that  with  most 
species  good  seed  crops  occur  only  periodically.  One  year,  for  instance, 
a  given  tree  may  produce  a  full  crop  of  seed ;  the  next  few  years  little  or 
none.  This,  periodicity  makes  it  necessary  to  prepare  the  seed  produc- 
tion tables  so  as  to  show  the  average  production  of  trees  of  different 
diameters  and  crown  classes  during  good,  medium,  and  p(X)r  seed  years. 
This  complicates  the  matter  by  making  it  necessary  for  the  estimator  to 
determine  whether  the  particular  tree  under  consideration  is  bearing  a 
good,  medium,  or  poor  crop.  There  is  no  reason,  however,  why  with  a 
little  practice  this  should  not  be  entirely  possible.  Furthermore,  this 
difficulty  is  not  peculiar  to  tins  particular  method  of  estimating,  but  is 
inherent  in  any  method  that  uiight  be  used.  It  would  be  equally  a  draw- 
back in  applying  figures  sliowing  Seed  production  per  acre.  In  either 
case  the  average  seed  production  for  a  given  number  of  years  would 
mean  practically  nothing,  since  what  is  wanted  for  use  in  seed  collecting 
is  to  know  how  much  seed  can  be  collected  from  a  given  area  in  a  given 
vear. 

The  study  of  the  amount  of  seed  production,  either  by  the  acre  or  by 
the  individual  tree,  would  naturally  yield  some  interesting  information 
as  to  the  periodicity  of  seed  production  and  as  to  the  various  external 
and  internal  factors  affecting  it.     To  solve  completely  the  biological 
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problem  of  seed  production,  however,  intensive  work  is  necessary.  This 
can  best  be  carried  on  at  regularly  established  experiment  stations,  where 
continuous  observations  can  be  made  and  elaborate  research  methods 
employed.  Work  of  this  character  will  be  of  the  greatest  scientific  and 
perhaps  practical  value.  It  is  not  reasonable,  however,  to  expect  that  a 
local  study  at  an  experiment  station  will  give  results  which  can  be 
widely  applied  in  estimating  the  amount  of  the  seed  crop  at  any  given 
time,  especially  in  stands  of  different  character  from  those  studied. 
Neither  does  it  seem  possible  to  join  unreservedly  in  the  authors'  opti- 
mistic belief  that  "when  the  forester  fullv  understands  the  laws  of  seed 
production  he  can  control  and  stimulate  it  in  accordance  with  his  needs 
and  be  complete  master  of  the  situation.'' 

• 

Bristow  Adams:  While  it  is,  of  course,  necessary  that  the  greatest 
amount  of  scientific  accuracy  be  brought  to  bear  on  all  the  problems  that 
confront  the  Forest  Service,  it  seems  that  there  is  not  enough  in  the 
seed  production  problem  conducted  along  lines  that  seek  to  influence  ex- 
ternal factors  to  justify  the  great  amount  of  time,  labor,  and  expense 
that  are  needed  to  secure  results.  It  comes  down  to  this  in  the  last 
analvsis :  That  trees  or  forests  do  have  vears  of  exceptional  vields  of  seeds, 
but  the  periodicity  of  these  years  has  not  been  determined  or  foretold. 
Even  if  it  can  be  definitely  determined  that  a  tree  bears  a  full  crop  every 
eight  years,  or  the  equivalent  of  a  full  crop  in  that  time,  what  are  the 
practical  results  of  that  knowledge  ?  It  will  always  be  necessary  to  keep 
on  hand  an  equipment  sufficient  to  take  care  of  a  maximum  fruitage,  no 
matter  when  it  shall  occur. 

Further,  the  authors  of  "Seed  Production  and  How  to  Study  it"  say 
that  "if  the  forester  can  control  and  stimulate  it  (seed  production)  in  ac- 
cordance with  his  needs,  he  will  be  complete  master  of  the  situation." 
There  can  be  no  question  as  to  this.  But  suppose  that  it  is  determined 
exactly  that  precipitation  or  any  other  phenomenon  of  the  seasons  deter- 
mines absolutely  the  production  of  seed !  Does  that  carry  the  solution 
any  further  ?  Hardly ;  since  it  is  not  possible  to  affect  these  phenomena ; 
we  have  not  yet  found  out  how  to  secure  or  to  prevent  an  open  winter 
or  how  to  make  certain  a  wet  spring  or  a  cool  summer.. 

Moreover,  seeds  from  one  region  are  so  readily  transported  to  another 
that  it  can  make  but  little  difference  about  an  abundant  seed  year  in  anv 
given  place,  and  the  problem  of  artificial  seeding  is  mainly  one  of  storage 
An  abundant  seed  year  means  many  different  things  according  to  loca- 
tion, even  with  identical  species.  Longleaf  pine  in  the  Carolinas  may 
have  a  maximum  pine  mast  at  a  time  when  t^^e  0-^1  f  Coast  forests  have 


SEED  PRODUCTION   AND  HOW   TO  STUDY  IT  123 

not  any,  and  vice  versa,  yet  the  seed  from  either  region  is  equally  good 
for  both,  and  the  Gulf  Coast  seed  will,  in  all  likelihood,  produce  a  tall, 
straight,  Carolina-like  tree  in  the  Carolinas,  just  as  the  Carolina  seeds 
will  produce  the  shorter,  smaller  tree  of  the  Gulf.  Development  depends 
mainly  upon  environment.  Further,  a  maximum  100  per  cent  yield 
on  the  Florida  National  Forest  is  likely  to  be  about  the  equivalent 
of  a  25  per  cent  yield  in  the  Carolinas,  so  that  it  might  not ^ pay  to  at- 
tempt to  gather  seed  along  the  Gulf  even  in  the  best  years,  because  it  can 
be  bought  and  brought  in  cheaper  from  another  region. 

On  the  whole,  then,  it  seems  that  there  are  so  many  other  problems 
that  need  to  be  worked  out — problems  of  greater  importance  and  with 
more  immediately  needed  solutions — that  the  matter  of  seed  production 
through  an  attempted  control  of  the  seasons  can  aiford  to  wait,  if  not  be 
actually  left  alone,  and  activities  centered  on  studies  of  the  tree  itself, 
with  a  total  disregard  of  any  "determination  of  the  various  external 
factors  which  aflFect  the  amount  and  periodicity  of  seed  production." 
Certainly,  the  investigations  made  so  far  have  been  purely  empiric,  and 
have  yielded  no  results  that  can  he  utilized  in  ])raetice;  and  they  seem  to 
hold  no  promise  of  any  such  results.  An  additional  thought  comes  to 
mind:  There  ought  to  be  sufficient  preparedness  for  handling  a  seed 
crop,  in  the  fact  that  in  many  forest  trees  two  years  are  required  to 
mature  the  seed,  and  ordinary  observation  can  foretell  a  good  seed  year 
as  long  ahead  as  it  need  be  foretold. 

Mr.  Dana  and  Mr.  Zon  each  seem  to  have  effectually  proved  the  im- 
practicability of  the  other's  plan  and  the  prohibitive  expenditure  of  time 
and  monev  that  both  schemes  would  involve. 

ft' 

As  opposed  to  these,  another  simple  and  more  promising  line  of  in- 
vestigation presents  itself,  dealing  with  individual  trees  alone,  and  de- 
pending not  at  all  upon  seasonal  variation.  An  interesting  vista  of  pos- 
sibilities is  opened  up  in  the  experiments  that  have  been  made  along  the 
lines  of  producing  fruitage  in  barren  trees.  It  is  a  well  recognized  fact 
among  fruit  growers  that  the  partial  girdling  of  an  apple  tree,  or  of  a 
limb  of  that  tree,  produces  many  large,  perfect  fruits.  This  fact  is  so 
well  recognized  that  pomological  societies  have  legislated  against  it,  and 
bar  from  competitions,  for  quantity  or  quality,  fruits  produced  in  this 
way.  The  same  thing  is  shown  in  the  old  superstition  that  the  driving 
of  nails  into  a  barren  or  comparatively  barren  tree  will  cause  it  to  fruit. 
It  is  a  fact  that  this  treatment  brings  about  the  desired  result,  the  super- 
stition consisting  in  the  notion  that  the  iron  rust  from  the  nails  secured 
the  crop;  yet  the  same  thing  can  be  got  by  boring  holes  in  the  tree,  as 
demonstrated  by  Dr.  Fernow  on  plum  trees  that  had  a  superabundance 
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of  moisture  and  soil  fertility  and  had  passed  the  age  when  they  should 
have  begun  to  bear  fruit,  without  showing  a  sign  of  blossoming.  After 
their  partial  girdling  had  been  accomplished  by  having  holes  bored  in 
them,  they  bore  satisfactorily  and  continued  to  bear.  Horticulturists 
and  florists  find  that  excess  of  plant  food  in  the  soil  means  vegetative 
growth  and  no  flowers  and  fruits.  Forcing  for  bloom  depends  somewhat 
on  comparatively  barren  soil.  The  common  nasturtium,  in  poor  soil, 
but  fertilized  with  liquid  manure,  will  bloom  only  sparsely  or  not  at  all. 
Withhold  the  liquid  manure,  and  it  immediately  responds  with  a  wealth 
of  flowers  and  seed  pods. 

This  general  principle,  of  which  there  are  many  manifestations,  is  said 
to  be  applicable  even  to  the  human  race,  according  to  some  students  of 
eugenics,  who  claim  that  pooriy  nourished  peoples  have  marked  fecund- 
ity— that  the  privation  which  follows  warfare  makes  for  more  children — 
and  that  barrenness  can  be  removed  in  individual  instances  by  substi- 
tuting conditions  of  comparative  want  for  conditions  of  luxury.  Pro- 
fessor Hadley  says:  "Statistics  show  that  high  comfort  and  low  birth 
rate  go  hand  in  hand.'^ 

When  we  come  to  forests  this  principle,  common  to  other  life,  ought  to 
be  applicable.  In  a  study  of  Utah  juniper,  by  Phillips  and  Mulford,  it  is 
stated  unequivocally  that  specimens  which  have  the  hardest  struggle  in 
the  most  dry  and  barren  situations  bear  by  far  the  most  seed.  The  same 
sort  of  thing  is  strikingly  brought  out  in  Professor  Jepson's  bulletin  on 
tanbark  oak,  in  which  he  says  that  the  standing  trees  which  have  been 
peeled  or  "jayhawked,"  are  girdled  and  four  or  eight  feet  of  bark  taken 
off  usually  before  flowering  time,  and  the  growth  of  the  tree  is  checked. 
"The  second  year  the  tree  bears  a  full  crop  of  acorns — often  an  exces- 
sively large  crop."  This  j)henomenon  is  so  well  recognized  that  the 
woodsmen  have  a  specific  name  for  it,  and  call  it  the  "last  kick"  of  the 
tree,  since  in  the  third  year  the  tree  is  likely  to  die,  though  it  may  con- 
tinue to  live  for  a  longer  period — even  10  or  15  years.  The  apparent 
anomaly  of  the  girdled  tree  continuing  its  life  functions  is  explained  by 
the  fact  that,  in  peeling,  a  thin  portion  of  the  inner  bark  and  cambium 
laver  adheres  to  the  wood. 

The  application  seems  simple.  Make  experiments  to  see  how  much 
individual  trees  respond  to  a  partial  girdling  in  yield  and  fertility  of 
seed.  Tt  would  not  take  long  to  secure  the  results,  and  any  question  of 
periodicity  need  not  enter  in.  Then,  if  it  is  found  that  the  girdling  does 
accomplish  what  is  sought,  it  is  easy  to  get  a  large  crop,  either  for  natural 
reproduction  or  for  seed  collection.  If  clean  cutting  is  contemplated, 
for  example,  secure  «?eed  production  boforohnnd.     We  have  large  timber 
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sales,  covering  several  years.  One  or  two  years  (according  to  the  period 
for  seed  development)  before  the  cutting  begins  on  a  given  area,  go  in 
and  mark  the  trees,  and  girdle  them  almost  all  the  way  around.  Then 
get  your  abundant  seed  cheaply  just  before  or  after  the  trees  are  felled, 
according  to  the  ripeness  of  the  seed  at  the  time  of  felling.  You  lose  one 
or  two  annual  rings,  but  their  value  would  be  infinitesimal  as  compared 
to  the  value  of  the  seed  and  the  assurance  of  its  occurrence. 

It  is  a  natural  law  that  the  reproduction  function  is  the  chief  end  of 
an  organism,  and  that  provision  is  made  to  secure  it  in  abundance  when 
anything  threatens  the  existence  of  the  parent  growth.  Sunmiing  up: 
In  experiments  on  seed  production,  it  ought  to  be  easier  to  control  the 
tree  than  to  control  the  elements ;  and  a  more  rational  set  of  results  ought 
to  be  derived  by  subjecting  various  trees  to  various  hardships  to  see  how 
they  will  respond. 

C.  E.  TiLLOTSON  and  Raphael  Zon  :  Mr.  Dana  advocates  the  method 
of  volume  seed  production  tables  which,  in  his  opinion,  is  simpler  and 
more  direct  than  the  method  prcjwsed  by  the  authors  of  the  oiiginal 
article.  The  method  which  he  proposes  is  fully  as  open,  if  not  more,  to 
the  same  criticisms  which  he  makes  of  the  method  described  in  our 
paper.  At  the  same  time,  he  admits  himself  that  by  his  method  he  is 
not  able  to  work  out  some  of  the  most  vital  points  in  connection  with  a 
study  of  seed  production  which  are  worked  out  in  the  other  method. 

There  are  three  important  points  about  the  method  of  studying  seed 
production  as  presented  by  us,  and  these  are:  1st,  that  the  method  has 
been  applied  not  only  in  a  fully-stocked,  even-aged,  practically  pure 
stand  of  ^Norway  spruce  in  Eussia,  but  also  in  stands  in  that  country  in 
which  several  species  occur  in  mixture,  and  it  has  been  still  further  tried 
out  in  northwestern  Idaho  in  a  mixed  forest  of  larch,  western  white 
pine,  occasional  Douglas  fir,  with  an  undergrowth  of  hemlock  and  white 
fir,  with  every  indication  of  success,  although  the  final  figures  have  not 
yet  been  worked  out;  2d,  that  by  this  method  a  law  is  established  for 
determining  the  amount  of  the  seed  crop  by  other  th£.n  a  mere  ocular 
estimate;  and  3d,  that  by  this  method  the  periodicity  of  seed  crops  can 
be  determined.  The  method  proposed  by  Mr.  Dana  has  not  been  suc- 
cessfully applied,  and  it  is  questionable  whether  it  can  be;  it  will  not 
establish  any  law  or  criterion  for  determining  the  amount  or  character 
of  the  seed  crop,  and  it  will  not  enable  the  investigator  to  determine 
readily  the  periodicity  of  seed  crops.  The  second  point  is  the  weak  link 
in  the  method  proposed  by  Mr.  Dana,  and  it  will  lead  to  a  number  of 
difficulties. 
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The  diiBculty  of  preparation  of  seed  yield  tables  in  inixed  stands  is 
scarcely  analogous  to  that  encountered  in  preparing  tables  of  yield  of 
lumber,  cubic  contents,  etc.,  of  mixed,  uneven-aged  stands  where  the 
yield  of  all  the  species  has  to  be  taken  into  consideration.  In  the  seed 
yield  tables  described,  the  investigator  concerns  himself  with  only  one 
species,  and  that  species  is  studied  only  in  those  types  in  which  it  forms 
an  important  part  of  the  stand.  In  the  seed  production  study,  more- 
over, the  ages  of  the  trees  under  consideration  are  of  little  importance. 
If  they  belong  to  the  same  crown  class — ^as,  for  instance,  if  they  are 
dominant,  codominant,  intermediate,  etc. — ^they  will  bear  about  the  same 
amount  of  seed,  irrespective  of  age.  After  a  tree  has  reached  maturity, 
say  for  conifers  60  years,  its  seed  production  will  not  vary  considerably 
for  the  next  100  years,  and  therefore  trees  may  vary  widely  in  age;  yet 
if  they  belong  to  the  same  crown  class  they  will  bear  about  the  same 
amount  of  seed.  When  a  stand  becomes  overmature,  and  begins  to  de- 
cline, its  seed  production  also  declines.  Since  a  permanent  forest  type 
is  determined  by  certain  conditions  of  soil,  moisture,  temperature,  and 
other  external  factors,  it  is  of  necessity  more  or  less  uniform  in  charac- 
ter, and  while  local  conditions  may  exert  some  influence  upon  the  seed 
crop  in  generally  very  unfavorable  years,  it  is  very  questionable  whether 
these  local  conditions  do  exert  any  appreciable  influence  in  years  gener- 
ally favorable  to  seed  production.  Mr.  Dana's  statement,  therefore,  that 
in  this  method  of  seed  production  a  large  number  of  plots  would  have 
to  be  measured  in  order  to  cover  variations  due  to  differences  in  age, 
character  of  stand,  and  local  conditions,  cannot  be  accepted.  By  having 
only  a  few  judiciously  placed  sample  plots  in  each  type,  results  could  be 
obtained  which  would  be  applicable  to  the  same  type  even  over  large 
areas  where  the  same  general  conditions  of  soil,  precipitation,  and  tem- 
perature prevail. 

In  the  method  defended  by  Mr.  Dana  it  is  necessary  for  the  investi- 
gator to  estimate  whether  the  trees  are  bearing  a  good,  medium,  or  poor 
crop,  both  in  preparing  his  seed  volume  tables  and  in  applying  them.  If 
the  same  investigator  were  to  determine  in  successive  years  the  seed  crop, 
he  might  become  expert  enough  to  estimate  to  his  own  satisfaction 
whether  the  trees  to  which  he  wished  to  apply  a  volume  table  were  bearing 
a  poor,  medium,  or  good  seed  crop.  If  one  or  more  investigators  had  to 
carry  on  the  work  started  by  the  first  man,  is  it  not  very  probable  that 
their  estimates  of  the  crop  would  vary  considerably  from  those  of  the 
first  investigator?  In  other  words,  uncertain,  variable  personal  equa- 
tion would  enter  into  the  study,  and  there  would  be  no  definite  way  of 
making  allowance  for  it.     One  man  might,  for  instance,  apply  a  medium- 
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seed-year  seed  volume  table  one  year  and  another  man  a  good-seed-year 
seed  volume  table  in  a  very  similar  year.  Because  of  this  personal  equa- 
tion, also,  what  is  to  prevent  two  successive  investigators  from  construct- 
ing seed  volume  tables,  supposedly  for  two  different  kinds  of  seed  years 
which,  on  comparison,  prove  to  be  similar  enough  to  show  that  the  two 
seed  3^ears  were  similar?  Such  a  case,  which  is  a  very  possible  one, 
would  involve  the  expenditure  of  a  large  amount  of  time  and  money  in 
needless  duplication  of  work. 

In  the  sample  area  method,  as  proposed  by  the  authors,  it  is  conceded 
that  it  will  be  necessary  to  take  sample  plots  in  those  types  in  which  the 
species  under  consideration  forms  an  important  part.  We  maintain, 
however,  that  volume  tables  will  have  to  be  made  for  each  of  these  same 
types.  While  general  wood  volume  tables  based  on  height  and  diameter 
may  be  and  are  applied  to  different  types,  it  is  generally  conceded  that 
they  are  not  accurate.  A  seed  volume  table  thus  applied  would  be  even 
much  less  accurate  because  the  conditions  which  produce  types  may  have 
a  much  greater  influence  upon  seed  production  than  they  do  upon  for  u 
factors  or  volumes  of  trees  of  equal  heights  and  diameters. 

Mr.  Dana  has  dwelt  quite  strongly  upon  the  expense  involved  in  study- 
ing seed  production  by  our  method.  Where,  because  of  an  actual  lack 
of  funds,  it  is  imperative  to  practice  economy  in  some  lines  of  work,  th(. 
curtailing  of  expense  in  every  possible  way  has  some  justification.  Tn 
scientific  research  work,  however,  the  expense  should  be  the  last  consid- 
eration since  the  saving  to  be  derived  as  the  result  of  such  studies  will 
in  the  long  run  many  times  exceed  the  cost  of  the  investigation.  We  do 
not  consider  this  point  relevant  to  either  side  of  the  controversy,  but 
since  it  has  been  brought  up,  let  us  consider  for  a  moment  the  manner 
and  expense  of  preparing  such  volume  tables,  and  also  the  method  of 
applying  them. 

In  order  to  construct  a  fairly  good  seed  table  for  individual  trees,  it 
will  be  necessary  to  collect  and  measure  the  seed  from  at  least  100  trees 
of  each  crown  class.  Estimating  this  amount  of  seed  will  not  do. 
Now,  how  is  this  seed  to  be  collected?  Are  the  trees  to  be  climbed  and 
the  seed  cut  or  picked  off  each  one,  or  are  they  to  be  felled  and  the  seed 
thus  collected?  With  some  species,  spruce  in  particular,  where  the 
cones  are  borne  almost  wholly  at  the  very  top,  this  method  could  probably 
be  employed  if  steeple-jacks  could  be  found  who  were  willing  to  under- 
take the  work ;  but  imagine  the  collecting  in  this  manner  of  the  cones  of 
Douglas  fir,  which  are  borne  on  all  parts  of  the  crown,  or  the  collecting 
in  hardwoods  of  the  nuts  of  the  beech  or  sugar  maple,  which  occur  in 
many  thousands  on  single  trees  distributed  throughout  the  crown.    Such 
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a  method  is  manifestly  not  to  be  considered  as  generally  applicable  to  all 
species,  and  its  expense  would  unquestionably  be  enormous  with  any 
species. 

If,  on  the  other  hand,  the. trees  are  felled  to  determine  their  seed 
crop,  and  this  is  the  only  feasible  method  which  can  be  applied  to  all 
species,  think  of  the  amount  of  work  involved,  and*  think  further  of  what 
disposition  could  be  made  of  the  trees  felled  in  preparing  the  table. 

Another,  and  not  the  least  expensive  and  time-consuming  step  in  the 
preparation  of  such  a  seed  table,  would  be  in  extracting,  cleaning,  and 
making  the  determinations  of  the  number  of  seed  per  pound  and  ger- 
mination tests  of  each  lot  of  seed.  This  step  in  the  preparation  of  such 
tables  involves  an  enormous  amount  of  work.  Such  seed  volume  tables 
must  be  prepared  for  different  seed  years :  good,  fair,  poor,  etc. 

After  the  tables  are  prepared  the  investigator,  when  wishing  to  apply 
one  of  them,  must  guess  which  table  to  use:  a  good  seed  year  table,  a 
fair  seed  year  table,  etc ;  he  must  then  lay  off  a  sample  area  in  each  type, 
list  the  trees  according  to  a  complicated  crown  classification,  a  tedious 
and  difficult  operation,  and  then  apply  his  volume  table.  This  process 
has  to  be  repeated  not  for  one  year  nor  for  ten,  but  for  every  year  that 
he  wishes  to  estimate  the  seed  crop. 

It  is  perfectly  obvious  that  the  seed-volume-table  method  would  prove 
to  be  much  more  expensive  than  the  sample  area  method,  and  it  would 
be  much  less  practicable  and  subject  to  error  because  of  the  large  amount 
of  guess  work  and  of  the  element  of  the  personal  equation  which  would 
enter  into  its  application. 

The  two  methods  should  be  contrasted  on  one  other  very  important 
point.  Since  the  seed-volume  method  does  not  establish  a  definite  cri- 
terion for  determining  the  character  of  the  seed  year,  it  would  not  enable 
the  investigator  to  determine  the  periodicity  of  seed  years.  It  has 
already  been  stated  that  the  sample  area  method  does  enable  the  investi- 
gator to  determine  this  point.  Where  some  form  of  natural  regeneration 
is  to  be  practiced  in  the  management  of  forested  areas,  the  determina- 
tion of  this  periodicity  is  fully  as,  if  not  more,  important  than  the 
amount  of  the  seed  crop.  The  time  and  the  amount  of  the  cut  will  be 
regulated  and  the  success  or  failure  of  natural  regeneration  may  be 
determined  by  the  observance  which  the  forester  pays  to  this  phenom- 
enon. 

Briefly,  the  following  are  the  very  vital  points  of  difference  between 
the  two  methods: 

1.  The  sample  plot  method  enables  the  establishment  of  a  definite 
criterion  for  determining  the  character  of  the  seed  crop;  the  seed- 
Yolume-table  method  does  not. 
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2.  The  sample  plot  method  enables  the  investigator  to  determine  the 
periodicity  of  seed  crops;  the  seed-volume-table  method  does  not. 

3.  The  sample  plot  method  is  easier  of  application  than  the  seed- 
volume-table  method. 

S.  T.  Dana  :  This  discussion  of  seed  production  has  touched  upon  so 
many  phases  of  the  problem  that  a  few  words,  by  way  of  summary  and 
explanation  of  the  method  suggested  in  my  paper,  may  not  be  out  of 
place. 

In  the  first  place,  it  should  be  borne  in  mind  that  that  method  dealt 
only  with  the  specific  question  of  determining  the  amount  of  seed  in  a 
given  locality  available  for  seed  collecting.  The  factors  influencing  seed 
production,  including  periodicity  of  seed  years,  would  have  to  be  studied 
in  other  more  detailed  investigations  undertaken  at  experiment  stations 
or  elsewhere.  In  this  connection  it  might  be  pointed  out,  in  passing, 
that  the  method  of  study  advocated  by  Mr.  Zon  and  Mr.  Tillotson,  with- 
out modification  will  hardly  succeed  in  establishing  finally  tlie  laws  gov- 
erning the  periodicity  of  seed  years.  To  do  this,  the  same  trees  or  the 
same  stand  must  be  observed  for  a  number  of  years  under  precisely  the 
same  conditions,  while  their  method  provides  for  cutting  out  certain  of 
the  trees  and  so  altering  the  stand. 

It  is  difficult  to  see  wherein  the  sample  area  method  provides  a  more 
definite  criterion  for  determining  the  character  of  the  seed  crop  than 
does  the  study  of  individual  trees.  In  either  case  the  estimator  must 
determine  whether  the  tree  or  the  stand  is  bearing  a  good  or  a  poor  crop, 
and  it  is,  if  anything,  easier  to  do  this  for  the  single  tree  than  for  the 
entire  stand.  The  difficulties  which  Mr.  Zon  and  Mr.  Tillotson  see  in 
finding  a  standard  by  which  to  apply  the  "seed  production  table"  are 
largely  imaginary,  and  such  as  are  not  are  equally  true  of  both  methods. 

Their  unqualified  statement  that  the  sample  plot  method  is  easier  of 
application  than  the  individual  tree  method  hardly  seems  justified.  The 
difficulties  which  they  picture  in  collecting  seed,  while  perhaps  serious, 
are  certainly  not  more  so  than  in  the  sample  area  method ;  for  in  irregu- 
lar stands  the  latter,  to  have  sufficient  basis  to  be  at  all  accurate,  would 
have  to  include  so  many  sample  plots  that  the  total  number  of  trees  ex- 
amined would  probably  be  more  than  the  number  necessary  to  construct 
the  seed  production  table.  And  after  all  this  work,  the  applicability  of 
the  figures  obtained  to  other  stands  differing  in  composition  and  density 
would  be  decidedly  questionable.  No  doubt  it  has  been  found  possible 
by  means  of  sample  plots  located  in  a  mixed  forest  of  larch  and  western 
white  pine,  with  occasional  Douglas  fir  and  an  understory  of  hemlock 
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and  white  fir  in  northwestern  Idaho,  to  find  the  seed  production  on  those 
plots.  Whether  the  figures  obtained  in  this  way  will  be  applicable  to 
other  stands  and  in  other  years  is,  however,  extremely  doubtful. 

As  far  as  the  question  of  germination  tests  is  concerned,  it  will  prob- 
ably be  found  that  tests  will  not  be  needed  for  all  the  trees  included  in 
the  seed  production  table.  The  fertility  of  seed  from  trees  in  the  same 
crown  class  does  not  vary  greatly,  and  representative  samples  from  the 
different  classes  will  doubtless  be  found  sufficient. 

In  actual  seed  collecting  work,  the  collecting  is  done  from  trees  bear- 
ing a  good  or  at  least  a  fair  crop  of  seed.  Consequently  there  is  ordi- 
narily no  real  need  of  including  in  the  seed  production  table  trees  with 
only  a  poor  crop.  Possibly  it  would  be  sufficient  for  practical  purposes 
to  show  only  the  average  amount  of  seed  produced  by  trees  of  different 
diameters  and  crown  classes  when  bearing  a  good  crop,  since  these  are 
the  trees  from  which  the  collecting  will  mainly  be  done.  It  can  hardly 
be  doubted  that  such  a  table  would  be  easier  of  construction  and  appli- 
cation than  a  table  based  on  sample  areas. 

In  all  of  this  discussion  the  relation  of  seed  production  to  natural 
regeneration  has  been  largely  neglected.  Mr.  Adjams,  to  be  sure,  dwelt 
upon  the  possibility  of  artificially  increasing  the  seed  crop  of  individual 
trees;  and  Mr.  Zon  and  Mr.  Tillotson  mentioned  the  importance  of 
periodicity  of  seed  years  in  this  connection.  Even  more  important  than 
these,  however,  is  some  definite  knowledge  as  to  the  amount  and  charac- 
ter of  seed  produced  by  trees  of  different  sizes,  ages,  crown  classes,  and 
degrees  of  health ;  and  the  effect  upon  their  seed  production  of  the  open- 
ing up  of  the  stand  caused  by  lumbering.  Such  knowledge  is  essential 
in  determining  what  trees  should  and  should  not  be  left  as  seed  trees, 
and  can,  of  course,  be  obtained  only  through  a  study  of  individual  trees. 
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FOREST  RESOURCES  AND  PROBLEMS  OF  CANADA 

BY  B.  E.  FERNOW 
{Delivered  before  the  Society  December  28,  1911) 

Economic  reforms,  like  social  reforms,  find  their  greatest  obstacles  in 
the  conservatism,  or,  less  euphoniously,  in  the  inertia,  which  the  daily 
usage,  the  routine,  imparts.  The  difficulty  of  overcoming  this  inertia 
is  the  primary  one  in  all  reforms  and  among  all  peoples.  Canadians  are 
no  exception.  On  the  contrary,  being  largely  of  English  stock,  they  are, 
like  the  Englishman,  more  conservative  than  their  cousins  in  the  States. 
Methods  that  have  answered  the  needs  of  long  ago  satisfactorily  are  con- 
tinued, although  conditions  have  changed ;  the  momentum  of  the  tradi- 
tional, the  routine,  carries  their  use  beyond  their  time  of  adequateness. 

Besides  this  conservative  disposition  and  other  frailties  of  human  na- 
ture, the  difficulties  which  surround  the  introduction  of  forestry  methods 
in  handling  Canadian  timberlands  may,  as  in  the  United  States,  be  classi- 
fied in  three  classes,  namely,  natural,  economic,  and  political.  Natural 
and  economic  difficulties  are  in  most  cases  working  together. 

The  fact  that  the^  Canadian  forests  are  largely  of  a  mixed  type,  made 
up  of  species  of  unequal  usevalue,  some  of  which  can  be  transported  to 
market  by  natural  waterways  and  others  which  cannot  be  so  transported, 
makes  it  necessary  to  exploit  and  extract  the  one  and  leave  the  less  de- 
sirable or  useless — the  tree  weeds,  relatively  speaking — in  possession  of 
the  ground.  In  other  words,  a  deterioration  in  composition  in  conse- 
quence of  logging,  at  least  in  the  eastern  forest,  is  almost  unavoidable. 

(133) 
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In  the  States,  railroad  development  has  proceeded  at  sneh  a  rate  that 
the  transportation  problem  and  its  influence  on  the  manner  of  exploita- 
tion and  its  results  has  become  less  important  than  in  Canada,  where 
water  transportation  is  still  largely  the  only  means  of  reaching  a  market. 
As  near-by  supplies  are  decreasing  and  the  distance  to  market  increasing, 
the  cost  of  logging  has  indeed  become  so  expensive  in  Canada  that  south- 
em  pine  and  cypress,  not  to  speak  of  hardwood  lumber,  compete  success- 
fully in  Canadian  markets. 

The  market  difficulty  is  increased  by  the  distribution  of  population 
and  of  industrial  development,  which  is  also  less  satisfactory  than  in  the 
States.  This  will  readily  appear  from  the  statement  that  half  the  small 
population  (say  seven  millions)  of  Canada  is  concentrated  on  the  penin- 
sula of  Ontario  and  in  the  St.  Lawrence  Valley,  and  perhaps  another 
third  in  the  rapidly-filling  prairie  country;  the  woods  country,  which 
now  still  contains  timber  of  marketable  character,  being  far  removed, 
hence  close  utilization  is  excluded.  Moreover,  the  character  of  the  woods 
country  is  not  such  as  to  invite  much  local  industrial  development,  farm 
lands  within  it  being  very  limited,  and  even  timberlands  of  high  value 
occurring  more  or  less  in  pockets.  Such  contiguous  timber  areas  of  a 
valuable  species  like  the  pineries  of  the  Southern  States  are  unknown. 

While  these  remarks  refer  mainly  to  the  eastern  provinces,  conditions 
in  the  Hocky  Mountain  section  and  in  British  Columbia  are  not  very 
different:  the  country  is  for  the  most  part  thinly  populated  and  in  the 
pioneering  stage.  Hence  wasteful  practices  must  prevail  as  long  as  pri- 
vate interests,  pivoting  around  financial  results,  are  left  free  to  exploit 
the  forest  resource. 

The  thin  population,  the  distance  to  market,  besides  the  natural  atti- 
tude of  the  pioneer,  lead  necessarily  to  wasteful  practices,  and  make 
changes  in  methods  of  exploitation  appear  impracticable  except  in  limited 
localities. 

Even  the  fire  problem  is,  on  account  of  these  conditions,  more  trouble- 
some than  in  the  States.  Long  stretches  of  countr}'  must  be-  left  to 
themselves  on  account  of  the  absence  of  population  and  inaccessibility; 
undue  expense  of  a  protective  service  would  be  involved  where  so  much 
valueless  territory  is  interspersed  among  the  valuable. 

These  unfavorable,  natural,  and  economic  conditions  are  unavoidable 
difficulties,  but  they  are  unnecessarily  increased  through  the  lack  of 
knowledge  on  the  part  of  the  people  of  the  actual  conditions  of  their 
timber  suj)plies  and  the  need  of  more  conservative  use.  Even  now,  per- 
sons in  high  and  responsible  positions  prate  of  "inexhaustible  timber 
resources" — a  false  patriotism  apparently  inciting  them  to  boom  the 
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country.  The  statement  of  the  school  geographies  that  Canada  is  a 
woodland  country  is  being  interpreted  to  mean  a  timber  country.  Even 
the  statement  that  Canada  is  a  woodland  countr}'  needs  modification,  for 
at  least  one-third  is  treeless  tundra,  to  which  must  be  added  the  200,000 
square  miles  of  forestless  prairie  and  plains  country,  the  extensive  areas 
above  timberline,  and  a  large  portion,  perhaps  50  per  cent,  of  the  north- 
ern woodland  country  which  is  in  swamps  and  muskegs  or  otherwise 
open,  not  to  mention  the  unusually  large  areas  of  water  surface  repre- 
sented in  the  innumerable  lakes  which  stud  the  vast  undulating  interior 
plain. 

A  closer  inspection  of  natural  forest  conditions  of  the  Dominion  re- 
veals, first,  that  for  her  large  size — with  over  3.5  million  square  miles, 
larger  than  the  United  States — she  is  poorly  timbered;  secondly,  that 
her  valuable  timber  is  unevenly  distributed ;  thirdly,  that  the  floral  com- 
position of  her  forest  is  extremely  simple  and  of  few  species;  further, 
that  within  the  forest  areas  farmlands  are  scanty  and  mostly  poor,  and 
wastelands — rock  barrens,  bogs,  swamps,  and  muskegs — plentiful.  While 
there  are  endless  woods,  really  good  timber  is  limited. 

Anything  like  statistical  knowledge  regarding  Canadian  forest  areas  is 
lacking,  but  by  subdividing  the  country  into  types,  measuring  the  areas 
occupied  by  such  types,  and  estimating  their  probable  production,  the 
writer  has  come  to  the  conclusion  that  as  to  area  capable  of  producing 
commercial  timber  (not  merely  woodland)  Canada  may  not  claim  much 
more  than  half  that  of  the  United  States,  say  250  million  acres,  and  as 
to  quantities  of  available  saw  timber,  not  more  than  one-quarter  now 
still  to  be  found  in  the  States,  say  600  billion  feet  B.  M.  of  coniferous 
material. 

Half  of  this  timber  may  be  accredited  to  the  Pacific ;  the  other  half 
to  the  Atlantic  side.  In  addition,  a  large  amount  in  the  aggregate  of 
pulpwood  and  of  inferior  saw  material,  needful  for  local  development,  is 
found  scattered  through  the  middle  portion. 

While  an  enumeration  of  species  occurring  in  Canada  would  develop 
the  respectable  number  of  150,  less  than  one-third  are  of  commercial 
value,  and,  indeed,  if  frequency  and  quantity  of  occurrence  are  kept  in 
mind  as  factors  in  determining  economic  importance,  the  number  of  im- 
portant species  will  be  found  within  30,  namely,  18  conifers  and  12 
broad-leaf  species. 

In  order  to  understand  the  situation  better,  it  is  needful  to  subdivide 
the  large  country.  By  combining  floral  distribution  with  topographical, 
climatic,  and  geological  features,  the  writer  has  divided  the  whole  coun- 
try into  12  types,  which  are  located  on  the  map,  mainly  by  utilizing  the 
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limits  of  the  botanical  distribution  of  commercial  species  based  on  notes 
furnished  by  the  Canadian  Geological  Survey. 

The  Acadian  type  (T)  is  represented  in  the  Maritime  Provinces,  to- 
gether with  the  eastern  townships  of  Quebec  south  of  the  St.  Lawrence 
River.  This  is  a  continuation  of  the  Appalachian  range,  occupied  by 
the  birch-maple-beech  type  with  coniferous  admixture,  the  same  as  the 
northern  New  England  forest.  The  white  arid  red  pine  having  been 
largely  removed,  red  spruce  and  hemlock  are  now  the  prominent  lumber 
trees,  with  balsam  fir  a  very  frequent  concomitant;  black  spruce  and 
white  cedar,  in  swamps ;  white  spruce,  rare  in  the  forest,  but  prominent 
in  reforesting  pastures. 

A  closer  survey  of  Xova  Scotia  (21,000  square  miles)  conducted  by 
the  writer  gives  some  indication  of  conditions  more  or  less  typical  of  the 
whole  section.  Only  about  20  per  cent  is  in  farms  or  fit  for  farming; 
another  28  per  cent  is  natural  or  man-made  barren,  or  recently  burned 
(5.8  per  cent)  ;  the  52.5  per  cent  of  green  forest  is  to  the  largest  ex- 
tent— nearly  three-quarters — of  mixed  type,  maple-birch-conifer,  20  per 
cent  pure  conifer,  and  the  small  balance  hardwoods.  Of  virgin  forest 
hardly  2  per  cent  is  found  on  the  mainland;  a  little  over  22  per  cent 
remains  moderately  culled ;  the  balance  severely  culled  and  in  second  or 
young  growth,  less  than  20  per  cent  of  the  latter.  On  the  Cape  Breton 
Island  an  interesting  solid  forest  of  balsam  fir,  with  not  over  15  per  cent 
spruce  and  a  small  paper  birch  admixture,  covers  a  plateau  of  1,000 
square  miles  in  extent.  An  estimate  of  the  coniferous  saw  timl)er  re- 
maining in  N^ova  Scotia  brings  the  total  to  less  than  10  billion  feet  and 
the  stand  per  acre  to  around  1,500  feet,  besides  two  cords  of  pulpwood 
on  the  average. 

The  glacial  deposits  of  the  St.  Lawrence  Valley  give  rise  to  type  II, 
a  hardwood  forest,  in  which  perhaps  ehn  and  maple  play  the  most  promi- 
nent part,  and  conifers  occur  scattered  or  on  sandy  deposits  in  pure 
stands.  Climatic  difl'erences  ])erniit  a  distinction  into  three  subtypes. 
Tlie  southern  (TIa),  occupying  tlie  Ontario  peninsula,  characterized  by 
the  mild  climate  due  to  the  influence  of  the  lakes  and  bv  fertile  soil, 
supports  a  continuation  of  the  luxuriant  hardwood  type  of  Indiana  and 
Ohio,  with  tulip  tree,  walnut,  hickory,  oak,  and  chestnut,  and  such 
southern  species  as  sycamore,  coffee  tree,  honey  locust,  sassafras.  Spruce 
and  balsam  are  absent,  and  pine  and  hemlock  occur  only  sparsely,  but  of 
fine  development.  These  conifers,  as  well  as  the  valuable  hardwood 
timber,  have  mostlv  made  way  for  farms,  manv  of  which  lack  even  their 
wood-lots.     Here  is  the  garden  spot  of  the  Dominion,  and  here  is  found 
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the  densest  population.    As  a  timber  producer  it  is  now  almost  neg- 
ligible. 

The  middle  St.  Lawrence  Valley  (116)  along  the  shores  of  Lake  On- 
tario, and  following  the  river  to  within  a  short  distance  of  Quebec,  ex- 
hibits a  more  northern  climate — ^wider  ranges  of  temperature  and  lower 
humidity  and  rainfall — ^and  also  less  fertile  soil.  Still,  while,  to  be  sure, 
the  southern  species  found  in  the  peninsula  drop  out,  the  type  is  similar 
to  the  foregoing.  Most  of  this  region,  too,  is  under  farm  and  the  com- 
mercial timber  cut. 

A  still  further  reduction  in  number  of  species  characterizes  the  lower 
St.  Lawrence  Valley  (He)  type,  from  Quebec  north.  The  valley  here 
is  much  narrower  than  the  preceding  and  more  rigorous  in  climate.  It 
approaches  the  spruce  type  of  the  Acadian  region  on  the  southern,  that 
of  the  northern  forest  on  the  northern  side  of  the  river. 

Altogether  very  little  merchantable  material  is  left  in  this  valley, 
which  forms  for  the  present  the  main  agricultural  lands  in  the  eastern 
provinces.  North  of  this  region  of  drift  soils  extends  the  Laurentian 
plateau  (III),  a  vast  area  of  Archaean  rock  scoured  by  the  ice,  gradually 
sloping  from  the  Height  of  Land  southward  and  northward,  topograph- 
ically little  diversified,  the  thin  soil  collected  in  pockets  and  only  occa- 
sionally of  sufficient  depth  and  richness  for  farm  use. 

On  the  southern  slope  of  this  "Laurentian  Shield"  south  of  the  Height 
of  Ijand  is  located  the  true  commercial  forest  area  of  eastern  Canada,  a 
country  fit  mainly  for  forest  use.  If  we  take  the  white  pine  as  the  most 
important  timber,  this  area  is  still  further  confined  in  its  eastern  por- 
tion, for  while  in  the  western  portion  the  northern  limit  of  this  pine  very 
nearly  coincides  with  the  Height  of  Land,  in  the  east  the  limit  of  its 
occurrence  is  climatically  still  further  limited,  and  lies  far  south  of  the 
Height,  namely,  on  a  line  from  the  headwaters  of  the  Gatineau  to  Seven 
Islands,  in  the  Gulf  of  St.  Lawrence. 

This  is  a  country  of  lakes  and  swamps  alternating  with  low  hills  and 
plateaus,  most  variably  forested,  although  the  flora  is  limited  to  few  spe- 
cies. It  would  be  difficult  to  pick  the  leading  species  in  this  territory 
of  approximately  150,000  square  miles  extent.  There  is  still  a  hardwood 
basis,  in  which  maple,  elm,  basswood,  and  paper  birch,  with  beech,  red 
oak,  yellow  birch,  ash,  balm  of  gilead,  besides  the  ever-present  aspen  on 
burnt  areas,  play  a  part.  Of  the  conifers,  balsam  fir  is  probably  numer- 
ically the  most  frequent,  with  white  spruce  a  close  second,  and  in  the 
swamps  the  almost  useless  black  spruce  is  prominent,  with  the  more  val- 
uable white  cedar  and  tamarac  according  to  the  character  of  the  swamp. 
White  pine  and  hemlock,  the  two  most  valuable  species,  and  the  red  pine 
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occur  much  more  localized,  mainly  along  the  waters  and  on  the  better 
drained  sandy  hills.  A  century  of  logging  has  removed  the  accessible 
pine  very  nearly,  and  while  it  is  impossible  to  make  even  a  guess  of  the 
amount  still  standing,  the  fact  that  hemlock  is  cut  in  ever-increasing 
i^mp.unts  sheds  light  on  the  situation.  The  Ontario  portion  of  this  area 
has  always  been  reputed  to  be  better  stocked  with  this  class  of  timber 
thaA  the  Quebec  portion.  Yet  the  government  officials,  claiming  on  the 
unliqensed  territory — which,  by  the  way,  in  Ontario  comprises  still 
140,000  square  miles — 10  to  12  billion  feet  of  standing  white  pine  (or 
ouerthird  of  the  annual  consumption  of  coniferous  material  in  the  United 
States),  seem  to  think  this  a  large  amount. 

Those  who  realize  that  the  commercially  available  and  accessible  saw 
timber  is  near  exhaustion  point  to  the  enormous  amount  of  pulpwood 
material  as  the  value  for  the  future.  There  are  undoubtedly  large  and 
for  the  present  immeasured  amounts,  but  it  should  also  be  realized  that 
^  large  portion  of  this,  perhaps  more  than  50  per  cent,  is  balsam  fir, 
^^ich,  although  according  to  the  writer's  contention  superior  to  spruce 
fojT  pulp,  is  not  advantageously  floated,  and  since  the  rivers  are  the  only 
njeans  for  getting  it  out  at  present,  and  probably  for  a  long  time  to  come, 
it  vvill  remain  unavailable  until  other  values  invite  railroad  development. 

The  cut-over  lands  are  treated  no  letter  or  worse  than  in  the  States. 
Fire  sooner  or  later  ravages  thein,  and  on  the  thin  siliceous  soil  destroys 
not  only  the  young  growth,  but  the  mould;  the  waters  soon  wash  the 
spil,  and  the  bare  i;ock  comes  to  view.  Thousands  of  square  miles  have 
been  and  are  being  burned  over  repeatedly,  and  while  the  aspen  and  the* 
b^nksian  pine  struggle  to  keep  a  forest  cover,  in  many  places  the  value 
is, gone.  The  characteristic  attitude  of  the  authorities  to  this  spoliation 
policy  is  exhibited  in  the  declaration  of  a  high  official  in  charge  of  tim- 
berlands,  that  the  extensive  fires  of  the  last  season  did  not  do  much 
damage,  since  they  occurred  mostly  on  cut-over  lands,  t.  g.,  destroying 
o|nJy  yqung  growth. 

Beyond  the  Height  of  Land,  the  Xorthern  or  Subarctic  Forest  (VIII- 
IX)  begins.  Although  white  and  red  pine  are  still  found  overlapping 
along  the  upper  river  courses,  and  although  aspen,  balsam  poplar,  and 
paper  birch  are  frequent  accompaniments,  and  sometimes  sole  occupants 
of  the  soil,  the  general  type  may  be  described  as  spruce  forest,  the  white 
and  black  spruce  being  by  far  the  predominant  species.  While  the  east- 
ern portion  of  this  region  lies  on  the  old  granite  rocks,  its  western  ex- 
tension lies  on  limestone  formation.  With  a  climate  still  more  rigorous 
than  in  the  last  described  region,  and  with  still  less  topographical  differ- 
entiation, it  stands  to  reason  that  on  this  northern  slope  of  the  Lauren- 
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tian  plateau,  not  only  a  reduction  in  the  number  of  species  to  eight — 
besides  those  just  mentioned  only  the  banksian  pine,  balsam  fir,  and  the 
tamarac  take  part  in  its  composition — ^but  reduction  in  development  of 
individuals  and  of  the  whole  forest  is  experienced. 

ThisL  vast  teTTiiory,  comprising  about  1.5  million  square  miles,  has  for 
the  most  part  been  only  superficially  explored,  and  the  explorations  have 
followed  mostly  the  river  courses. 

At  any  rate,  looking  at  the  economic  value  of  these  nori:hem  wood- 
lands, even-body  must  agree  that  their  timber,  although  of  inferior  char- 
acter, is  of  utmost  value  for  home  use  by  the  prospective  settler  and 
miner,  and  of  no  commercial  value  to  our  eastern  ciyilization,  especially 
as  the  direction  of  down  grades  is  away  from  markets.  Nevertheless, 
that  vast  areas  of  these  woodlands,  probably  50  per  cent,  are  destroyed 
by  fire  and  are  annually  burned  over  must  be  considered  an  incalculable 
loss  for  the  future. 

If  an  attempt  were  made  to  further  differentiate  this  northern  forest, 
we  might  recognize  a  northern  and  southern  section,  the  limit  between 
the  two  being  formed  by  the  northern  limit  of  the  balsam  fir,  which  coin- 
cides for  most  of  its  trend  closely  with  the  division  line  of  the  '^Hud- 
sonian"  and  "Canadian"  life  zone  lately  established  by  the  TJ.  S.  Bureau 
of  Biological  Survey.*  South  of  this  line  we  may  assume,  and  we  know 
in  part,  that  a  better  development  of  forest  growth  is  found  more  fre- 
quently than  in  the  northern  section  in  which  the  balsam  fir  is  absent 
and  balsam  poplar  and  banksian  pine  are  rare. 

As  the  foothills  of  the  Eocky  Mountains  are  reached  by  this  northern 
forest  beyond  the  52d  degree,  it  still  continues  northwestward  into  Alaska 
and  to  within  a  short  distance  of  the  Behring  Sea  and  Arctic  Ocean. 
There  is,  however,  a  change  in  the  compositien,  two  western  species  re- 
lieving two  eastern.  The  balsam  fir  is  supplanted  by  Abies  lasiocarpa 
and  the  banksian  pine  by  Pinus  contorta  murrayana.  These  latter  two 
also  mingle  in  a  narrow,  limited  area  southward,  and  the  white  spruce 
and  american  larch  also  invade,  the  Rocky  Mountain  flora,  while  even 
the  douglas  fir  from  the  west  descends  the  eastern  slopes  for  some  30 
to  50  miles,  joining  the  eastern  flora. 

The  Pacific  forest  may  regionally,  and  in  part  florally,  be  divided  into 
four  types,  and  in  these,  again,  topographically,  at  least  six  subtypes 
can  be  differentiated,  namelv,  the  northern  and  southern  Rockv  Moun- 
tain  type,  the  northern  and  southern  coast  type,  and  within  each  of  these 
the  wet  and  dry  slopes  and  the  alpine  type. 


♦  North  American  Fauna,  No.  27.     A  biological  inve^^tigation  of  the  Atha- 
basca-Mackenzie region. 
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Temperature  conditions  divide  the  British  Columbia  forest  into  the 
two  northern  and  southern  and  the  alpine  types.  Humidity  is  the  de- 
termining factor  for  the  dry  and  wet  subtypes  in  each  of  these,  and 
humidity,  of  course,  is  predicated  by  topography. 

The  topography  here  being  extremely  diversified,  changes  in  compo- 
sition and  development  are  as  diversified.  West  slopes  and  valleys  open- 
ing to  the  west,  under  the  influence  of  the  winds  from  the  Pacific  Ocean 
are  humid.  East  slopes  and  valleys  withdrawn  from  the  influence  of 
these  winds  are  dry  to  arid.  An  arid  interior  plateau  similar  to  that 
east  of  the  Sierras  in  the  States  divides  the  Rocky  Mountains  proper 
from  the  Coast  ranges. 

The  southern  Rocky  Mountain  type  (VI)  is  an  extension  of  the  more 
southern  flora,  with  the  bull  pine  (Pinus  ponderosa),  the  silver  pine 
(P,  monticola),  engelmann  spruce,  and  western  larch  as  representative 
timber  trees,  with  douglas  fir,  cedar,  hemlock,  and  lodgepole  pine  in 
minor  occurrence,  to  which  the  eastern  white  spruce  may  be  added.  This 
type,  varying  somewhat  in  composition  and  development,  extends  to 
nearly  53d  degree  latitude,  then  changes  into  a  type  of  simpler  composi- 
tion in  which  the  lodgepole  pine  plays  a  prominent  part,  covering  the 
dry  slopes  and  plateaus  northward  as  far  as  they  are  wooded.  Larix 
lyallii,  Pinus  alhicaulisy  and  Abies  lasiocarpa  are  the  species  of  the  alpine 
zone,  above  4,000  to  5,000  feet  up  to  timberline,  which  is  found  at  7,000 
to  7,500  feet. 

West  of  the  Coast  range,  the  celebrated  Coast  forest  (IV),  also  an  ex- 
tension of  a  more  southern  flora,  is  found  in  a  belt  running  for  200 
miles  north,  and  rarely  broader  than  50  miles  at  most  from  the  shore, 
except  at  the  southern  boundary,  where  it  reaches  150  miles  inland, 
crossing  the  Canadian  Pacific  a  few  miles  east  of  Yale.  The  large 
island  of  Vancouver  is  for  the  most  part  wooded  in  a  similar  manner. 
Here  the  douglas  fir,  in  magnificent  development,  with  the  hemlock 
and  giant  cedar,  are  the  main  timber  trees,  Abies  grandis,  Picea  sitch- 
ensis,  and  CJiamcecy parts  nootJcatensis  adding  locally  to  the  values.  The 
fine  timber,  with  diameters  sometimes  up  to  12  feet  and  300  feet  in 
height,  is,  to  be  sure,  not  to  be  found  in  a  continuous  body,  but  accord- 
ing to  topography  varies  with  timber  of  poorer  development.  Generally 
speaking,  the  bottoms,  benches  and  gentler  slopes  exhibit  the  heavy  tim- 
ber up  to  altitudes  varying  between  1,500  and  2,500  feet.  Above  this 
elevation  there  is  found  in  some  parts,  for  another  1,000  feet  or  so,  an- 
other type  still  of  commercial  value,  mainly  of  Abies  amabilis.  Above 
the  3,500-foot  level  only  the  scrubby  or  stunted  growth  of  the  Alpine 
type  is  found. 


FOREST  RESOURCES  AND  PROBLEMS  OF  CANADA  141 

Along  the  coast  and  on  the  islandg  north  to  Portland  Canal  the  north- 
em  Croast  Forest  (Y)  changes  in  composition  to  the  simpler  hemlock- 
sprace  type^  which  continues  all  the  way  along  the  Alaskan  shore  to 
Cooks  Inlet.  It  is  mainly  composed  of  western  hemlock^  sitka  spruce, 
and  yellow  cedar^  occasionally,  where  the  soil  depth  is  favorable,  devel- 
oping to  good  size,  although  mostly  branchy  and  really  much  of  it  of 
inferior  quality.  The  Coast  range  being  a  series  of  low,  broken  hills, 
rather  than  a  continuous  range,  this  type  continues  into  the  valleys  of 
the  rivers  for  a  considerable  distance  from  the  coast. 

The  northern  Bocky  Mountain  section  is  little  known  except  that  it  is 
a  dry  section,  the  forest  type  (VII)  corresponding  to  that  condition — ^an 
open  growth  of  lodgepole  pine  without  commercial  value. 

A  rough  estimate  of  the  acreage  and  stand  of  merchantable  timber 
made  by  the  writer  a  few  years  ago  brings  it  to  between  30  and  50 
million  acres  [estimated  as  15  million  acres,  besides  the  railway  belt,  by 
the  B.  C.  Forest  Commission  based  on  present  standards  of  merchant- 
ableness]  and  between  200  and  300  billion  feet  (192  billion  feet  and  40 
to  60  billion  feet  in  the  railway  belt,  according  to  the  Commission  re- 
port). Of  this,  one-quarter  may  be  assigned  to  the  Rocky  Mountain 
types,  leaving  the  bulk  to  the  magnificent  southern  coast  types.  It 
may  be  broadly  stated  that  British  Columbia  now  contains  about  half  the 
merchantable  timber  of  the  Dominion. 

There  remain  the  three  forestless  types  of  country  which  comprise 
more  than  one-third  the  territory  of  the  Dominion — ^the  plains  country, 
extending  northward  from  the  States  (X) ;  the  prairie  country  (XI), 
surrounding  the  former  to  the  north,  with  groves  of  paper  birch  and 
poplar,  and  the  treeless  tundra  (XII),  north  of  the  northern  forest. 

It  will  have  become  clear  from  this  differentiation  that  the  commercial 
timber  of  Canada  is  limited  and  uneconomically  distributed. 

Turning  now  to  the  political  difficulties,  the  ownership  and  methods 
of  disposal  of  public  timberlands  need  explanation.  Ownership  of  tim- 
berlands,  except  in  Nova  Scotia,  is  still  for  the  most  part  in  the  Crown. 
t.  e.,  they  are  State  property,  either  under  provincial  or  federal  control, 
and  hence,  apparently,  a  rational  forest  management  could  be  inaugu- 
rated at  any  time,  if  the  owner  so  wished.  Actually,  however,  this 
ownership  is  a  snare  and  a  delusion,  at  least  for  the  largest  part  of  the 
more  valuable  portions  of  this  State  property,  for  these  portions  are 
rented  away  for  the  cutting  of  timber  under  conditions  which  make  the 
ownership  of  doubtful  value. 

The  conditions  vary  somewhat  from  province  to  province,  but  are 
similar  in  principle;  the  timberlands  are  managed  under  a  license  system* 
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In  New  Brunswick,  for  instance,  licenses  or  permits  to  cut  the  timber 
on  certain  tracts,  called  limits,  are  given  for  a  series  of  years,  renewable 
for  26  years.  In  Quebec  and  Ontario  the  license  runs  nominally  for 
only  one  year,  when  it  can  be  renewed,  and  is,  in  fact,  regularly  renewed 
as  long  as  the  licensee  pays  the  ground  rent — a  certain  sum  annually 
per  square  mile — and  the  timber  dues,  a  certain  amount  per  M  feet,  etc., 
for  all  the  wood  actually  cut.  So  far  the  license  system  seems  unim- 
peachable: the  government  retains  ownership,  and  leaves  it  to  private 
enterprise  to  secure  for  it  a  revenue  from  its  property.  But  there  are 
three  features  added  which  vitiate  the  beauty  of  the  plan. 

It  would,  of  course,  be  proper  to  prescribe  certain  regulations  as  to 
the  manner  of  cutting  the  timber,  with  a  view  to  preserving  the  pro- 
ductive value  of  the  Staters  resource.  It  is,  therefore,  a  commendable 
condition,  practiced  in  Quebec,  to  restrict  the  cut  to  a  diameter  limit, 
differing  for  different  species.  But  it  must  be  considered  an  entirely 
immoral  contract,  when  conditions  are  imposed  which  cannot  possibly 
be  carried  out  by  any  one  who  is  not  with  certainty  in  continuous  pos- 
session, as,  for  instance,  the  erection  of  mills  of  given  size ;  and  still 
more  immoral,  if  the  one  contracting  party,  the  government,  reserves, 
as  it  does,  the  right  at  any  time  to  change  the  conditions  of  the  contract 
without  timely  warning.  The  lessee  then  is  placing  himself  in  the  con- 
dition of  being  in  the  hands  and  good  will  of  the  lessor — ^a  dangerous 
proceeding  I 

It  is  no  argument  against  this  charge  of  immorality  that  the  govern- 
ment of  Ontario,  e.  g.,  has,  as  a  rule,  not  taken  advantage  of  its  right, 
except  to  slightly  increase  ground  rents  and  dues  and  to  impose  the  duty 
of  protecting  the  property  against  fire  in  a  certain  manner.  Another 
not  less  immoral  feature  in  the  handling  of  the  timber  limits  has  been 
the  practice  of  allowing  pseudo-settlers  to  locate  on  portions  of  the 
limits,  and  thereby  curtail  the  timber  of  the  licensee.  Even  so,  the 
license  being  only  an  annual  one,  there  would  appear  little  hardship  in 
imposing  these  conditions;  but  there  was  introduced  a  worse  feature, 
which  practically  forced  the  government  to  renew  licenses  as  a  matter  of 
fairness,  and  thereby  curtail  morally  its  ownership  rights.  After  1867 
the  limits  were  placed  on  the  market  at  auctions,  and  the  so-called 
^T)onus"  paid  by  the  highest  bidder  represented,  as  nearly  as  could  be 
ascertained  by  cruising,  the  difference  between  timber  dues  and  actual 
stumpage  value,  so  that  practically  the  owner  of  a  one-year  license  to  cut 
timber  had  paid  full  stumpage  value  for  all  the  timber  on  the  limit, 
which  it  would  take  years  to  remove,  and  thereby  had  a  moral  claim  on 
tiie  government  to  leave  him  undisturbed  in  possession,  to  renew  his 
license^  and  also  not  to  hamper  him  with  new  conditions. 
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This  would  still  have  been  a  condition  with  which  the  government 
could  have  dealt  fairly,  because  the  amount  of  the  bonus  paid  was  known, 
and  could  have  been  taken  into  consideration  if  any  change  of  conditions 
had  be^n  contemplated.  But  the  third  and  worst  feature  is  still  to  be 
related  It  became  not  only  the  practice  to  renew  the  annual  license, 
but  also  to  permit  transfer  of  licenses  to  others.  In  this  way  timber 
limits  became  quasi  private  property  and  objects  of  speculation.  Banks 
advanced  money  on  the  limits  to  the  lease-holder  for  the  bonus  or  other- 
wise, as  if  they  were  his  property,  and  not  the  Staters ;  and  not  licenses, 
but  limits,  were  handled  and  changed  hands  in  the  market  as  if  they 
were  property,  at  prices  paid  by  the  last  purchaser,  which  would  fairly 
represent  full  stumpage  value. 

In  this  way  the  hands  of  the  government  were  tied  by  the  equity  which 
the  license  holders  and  banks  had  acquired  in  its  property.  The  licensees 
claim,  so  to  speak,  property  rights  in  limits  which  actually  they  had 
acquired  only  a  right  to  cut  over  for  one  year.  It  would  take  an  un- 
usually strong  Minister  of  Crownlands  who  could  recover  in  an  equitable 
manner  possession  of  the  State's  property  with  a  view  to  introducing  a 
conservative  management. 

These  worst  conditions  refer  to  licenses  issued  in  Ontario  from  1867, 
when  the  bonus  was  introduced,  to  1904.  The  licenses  issued  before 
that  time,  still  held  sometimes  by  original  lessees,  are  at  least  minus  the 
"wages  of  sin"  represented  in  the  bonus,  and  it  should  be  easier  to  adjust 
them  and  remove  the  claimed  ownership  to  the  second  and  third  growth. 
Since  1904  the  bonus  bid  is  made  not  as  formerly  in  a  lump  sum,  but  by 
the  M  feet,  in  addition  to  the  ordinary  dues,  the  timber  to  be  removed 
within  a  given  time — not  much  of  an  improvement  on  older  methods. 

The  government  has  lost  its  power  to  regulate  the  proper  use  of  its 
property,  except  on  the  unlicensed  lands  and  forest  reservations.  This 
condition  of  things,  which  refers  more  particularly  to  Ontario,  is  re- 
peated in  somewhat  different  detail  in  other  provinces. 

In  British  Columbia,  where  the  limits  have  been  handed  over  to  specu- 
lators mostly  without  a  bonus  payment  for  21-year  licenses,  lately  the 
licenses  have  been  made  perpetual  and  the  stumpage  dues  fixed  at  50 
cents,  under  the  idea  that  owners  will  therein  find  an  inducement  for 
conservative  use — a  perfectly  hopeless  expectation  and  a  perfectly  unfair 
deal  for  the  people.  This  year,  however,  a  vigorous  attempt  has  been 
made  to  organize  a  strong  forestry  department,  which  may  be  able  to 
work  out  a  scheme  by  which  the  damage  may  be  undone. 

The  Crownlands  of  the  Dominion,  located  in  the  new  middle  provinces 
and  unorganized  territories,  itself  are  in  a  more  hopeful  condition  as  re- 
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gardg  the  possibility  of  applying  management,  for  they  are  mostly  not 
yet  under  license  and  the  Forestry  Branch  has  really  possession  of  them. 

There  is,  however,  a  move  on  foot  to  hand  over  the  public  lands  to  the 
provinces  in  which  they  are  situated.  Indeed,  within  a  few  weeks  it  was 
decided  to  transfer  the  so-called  railway  belt  to  the  province  of  British 
Columbia.  The  same  reasons  which  are  against  handing  the  National 
Forests  over  to  the  States  are  valid  against  such  transfer  to  the  provinces. 
The  federal  government  in  both  cases  can  better  afford  financially  the 
difficult  task  of  starting  a  forest  management,  while  either  States  or 
Provinces  would  surely  resort  to  the  policy  of  exploitation. 

There  is  still  to  be  added  to  these  inherited  and  natural  ones  the  third 
difficulty,  which  hampers  the  speedier  progress  in  forest  reforms  wherever 
they  have  been  begun.  It  is  the  baneful  influence  of  personal  politics, 
the  blight  from  which  all  public  business  suffers,  wherever  there  is  a  lack 
of  a  standard  for  the  appointment  of  civil  servants. 

The  influence  of  the  Civil  Service  Commission  does  not  reach  the  so- 
called  "outside  service,*'  the  field  force,  which  is  appointed,  as  a  rule,  for 
political  reasons,  or  is  at  least  under  political  influence.  The  TJ.  S.  Forest 
Service  has  been  lucky  in  having  from  the  start  been  able  to  avoid  this 
influence,  and  to  divorce  appointments,  at  least  to  a  large  extent,  from 
political  considerations.  The  Forestry  Branch  of  the  Dominion  has  had 
to  steer  through  political  waters,  and  while  it  has  been  allowed  to  employ 
technical  men  without  reference  to  their  politics,  the  politics  of  other 
appointees  rather  than  their  fitness  had  to  be  considered,  with  the  in- 
evitable result  of  leading  to  inefficiency  rather  than  to  efficiency.  Cer- 
tainly, the  splendid  spirit  of  the  TJ.  S.  Service  could  hardly  be  secured 
with  such  uncertain  tenure. 

So  far,  technically  educated  Canadian  foresters  have  been  few,  and, 
with  the  sudden  development  of  the  British  Columbia  Forestry  Branch, 
the  market  is  indeed  for  the  time  undersupplied.  With  the  increase  in 
the  number  of  professional  foresters,  however,  it  is  to  be  anticipated  that 
reform  in  organizing  the  forest  service  will  grow  apace,  and  that  Ministers 
of  Crownlands  will  be  forced  by  public  opinion  to  divorce  technical  ad- 
ministration from  political  influence. 

Only  a  radical  change  in  attitude,  a  realization  that  forest  conserva- 
tion is  a  present  necessity,  and  that  existing  methods  are  destructive  of 
the  future,  will  bring  forward  the  needed  reform. 


BORDER  CUTTINGS— A  SUGGESTED  DEPARTURE  IN 

AMERICAN  SILVICULTURE 

BT  A.   B.  RECKNAOEL 
{Contributed) 

American  forestry  is  frankly  dependent  on  natural  regeneration  ex- 
cept in  emergencies.  To  secure  this  we  have,  almost  universally,  aJopted 
a  selection  system  of  cutting,  which,  starting  with  a  crude  diameter 
limit  method,  has  evolved  into  a  shelterwood  selection  method,  some- 
what along  the  lines  of  Gayer's  "Femelschlagform.**  This  method  aims, 
briefly,  to  cut  over  an  area  now,  leaving  about  one-third  of  the  mer- 
chantable stand  for  purposes  of  regenerating  the  area  naturally  and  to 
form  the  basis  of  a  second  cut  in  about  30  to  60  years.  It  is  nearly  five 
years  since  this  method  was  inaugurated  in  the  National  Forests,  and  as 
yet  the  results  have  not  been  reassuring.  Of  course,  no  method  of 
natural  regeneration  expects  to  secure  a  complete  restocking  of  the  area ; 
there  are  always  some  fail  places  which  must  be  restocked  artificially. 

But  admitting  that  a  satisfactory  regeneration  is  secured  in  the  30  to 
50  years  following  the  cutting,  what  happens  in  the  meanwhile?  The 
area,  with  about  one-third  of  the  merchantable  stand  still  on  it,  is  sub- 
jected to  all  the  injurious  effects  of  drouth,  insolation,  and  storm,  as  well 
as  of  snow,  frost,  fire,  fungi,  weeds,  and  insects.  The  larger  the  cutting 
area  the  more  these  will  make  themselves  felt.  The  one-third  of  the 
stand  left  is  not  sufficient  to  prevent  a  strong  drying-out  of  the  soil  by 
sun  and  wind;  much  of  the  precipitation  is  caught  by  the  trees  left 
standing,  and  thus  does  not  reach  the  ground,  while  in  times  of  drouth 
the  larger  trees  rob  the  reproduction  (seedlings)  of  much  of  the  ground 
moisture  which  is  the  latter^s  due.*  Similarly,  windfall  is  increased, 
and  the  growth  of  weeds  and  sod  fostered  to  the  detriment  of  any  tree 
seed  which  may  try  to  germinate  thereon.  Snow  break  and  frost  damage 
is  accentuated,  as  is  also  the  danger  of  insect  and  fungus  attacks. 
Finally,  the  danger  of  disastrous  fires  is  multiplied,  not  only  because  of 
the  unavoidable  debris  left  after  logging,  but  because  of  the  large  con- 

*  An  excellent  Instance  of  this  is  found  near  Eberswalde,  Germany,  where 
three  and  four  year  old  plantations  under  shelter  of  mature  trees  suffered 
more  from  the  great  drouth  of  1911  than  did  similar  plantations  standing  In 
the  open. 

(146) 
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tinuous  areas  of  highly  inflammable  seedlings.    It  is  probably  true,  also, 
that  lightning  damage,  with  its  attendant  fire  menace,  is  increased. 

In  Europe  the  history  of  forest  management  has  gone  through  the 
stages  of  extensive  selection  cutting,  leading  to  systematized  shelter- 
wood  or  selection  methods  (Schirmschlagform,  Femelschlagform,  Plen- 
terschlagform),  with  many  variations.  It  is  highly  significant  that  in 
Germany  these  methods,  practised  as  they  were  on  large  areas  (Gross- 
schlagwirtschaft),  proved  so  uniformly  unsatisfactory  that  they  were 
abandoned  in  favor  of  clear  cutting  and  artificial  regeneration  (Kahl- 
schlagbetrieb),  which  characterized  German  forestry  in  the  nineteenth 
century.  The  tremendous  expense  and  manifest  drawbacks  to  this 
method  (deteriorating  soil  and  yield,  insect  and  fungus  ravages,  etc.) 
have  led  the  foremost  German  foresters  back  to  a  systematized  selection 
system — but  one  based  on  small  areas  (Wirtschaft  der  kleinsten  Flache) 
in  contrast  to  the  large  area  management  of  former  times — with  natural 
regeneration  and  well-distributed  age  classes,  but  with  stands  approxi- 
mately even  aged. 

This  last  requirement  is  the  result  of  dearly  bought  experience  in  the 
old  shelterwood  and  selection  cuttings,  where  much  of  the  laboriously 
achieved  reproduction  was  destroyed  in  removing  the  larger  trees  which 
had  been  left.  Can  we  expect  better  results  when  the  time  comes  for  a 
"second  cutting^'  30  or  50  years  after  the  first  ? 

In  his  "Grundlagen  der  Raumlichen  Ordnung  im  Walde,"  •  Professor 
Wagner,  of  Tiibingen,  describes  a  method  of  selection  border  cuttings 
(Blendersaunischlag)  wliich  offers  a  way  to  avoid  these  strong  disad- 
vantages of  a  "straight"  selection  or  shelterwood  cutting.  In  its  essen- 
tials this  method  is  a  progressive  selection-strip  cutting  from  north  to 
south,  which  utilizes  the  mature  products  in  selection  cuttings,  at  the 
same  time  securing  natural  regeneration  of  the  forest.  The  strips  or 
"borders"  run  east  and  west ;  they  are  narrow,  since  this  is  the  most  fav- 
orable to  natural  regeneration ;  they  progress  from  north  to  south,  since 
the  closed,  mature  stand  on  the  south  side  affords  the  maximum  protec- 
tion from  drouth,  wind,  frost,  snow,  and  the  like  without  preventing  the 
free  access  of  precipitation  to  the  regenerated  area.  The  progress  of  the 
cutting  and  of  the  regeneration  depends  primarily  on  the  degree  to  which 
reproduction  has  been  secured  and  the  needs  of  that  reproduction.  This 
progress  of  regeneration  over  the  cutting  area  can  be  likened  to  the  read- 
ing of  a  printed  page,  where  the  eye  sweeps  from  the  top  to  the  bottom, 
line  for  line,  steadily  withal,  yet  halting  occasionally  until  some  difficult 
passage  has  been  mastered. 

•  Second  edition,  1911,  11.  Laupp,  publisher,  Tflblngen,  WUrttemberg,  Ger- 
many. 
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Is  this  method  applicable  to  our  conditions? 

In  the  first  place  it  is  not  chimerical  as  it  miglit  appear,  but  is  based 
on  16  years  of  practical  experience  in  Wiirttemberg.     The  same  basic 
principles  hold  good  in  America; 
but  the  method  must  be  modified 
to  meet  our  more  extensive  con- 
ditions.   We  cannot  market  where   >, 
and     what    we    will,    but    only   §" 
"where"   the   proposition   can  be   m 
made  attractive  to  some  lumber-   ^ 
man  and  "what"  is  merchantable,   s 
The  purchasers  of  stumpage  would  '3 
likely  object  to  a  method  of  sue-  S 
cessive  strips,  but  their  objections    ^   tj 
would    be    tempered    by    the   fact   '      ~ 


that  tbey  get  all  the  merchantable 
material  on   the  area  instead  of 

only  two-thirds  as  formerly.  This,  '^ 

of  course,  is  also  of  substantial  ad-  0' 

vantage  to  the  forest  owner,  off-  ^ 

sotting  the  expense  of  more  rigid  »' 

fire  protection  on  an  area  without  d 

seed  trees.  " 

The  total  width  of  each  strip  g 

should    usually   not   exceed   four  %. 

mature  tree  heights,  or  about  five  w 

chains  (330  feet),  and  represents  ^ 

all  gradations  from  clear  cutting  ^ 

at  the  outer  edge  to  the  closed  a 

stand   at   the   inner   edge.     The  g 

strips  are  not  cut  clear  at  first  ^   ?. 


li  \ 


11 


4 

(except  the  initial  border,  which   g    f    \ 
allows  access  of  light  to  the  area  q 
to  be  regenerated),  but  are  cut   |- 
according  to  the  selection  system.   §  / 

The  entire  strip  is  composed  of  _ 
four  parts,  from  the  inside  out-  ^ 
ward  (see  accompanying  sketch).   » 

These  are:  * 

1.  Bordering  on  the  closed 
stand:  cut  lightly,  with  a 
view  to  encouraging  germ- 
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ination  of  the  seed.     (This  would  usually  remove  one-third  of 
the  merchantable  stand.) 

2.  Cut   moderately,   so   that   seedlings   may   develop.      (This   would 

usually  remove  two-thirds  of  the  original  merchantable  stand.) 

3.  Cut  all  but  a  few  "protectors,"  so  that  seedlings  may  be  prepared 

for  standing  without  an  overhead  shelter. 

4.  Clear  cut;  no  overhead  shelter,  but  protection  from  mature  trees 

on  strips  3,  2,  1,  and  the  main  stand  adjoining  these.  (This 
would  usually  remove  everything  merchantable — i.  e,,  generally 
all  over  6  to  12  inches  D.  B.  H.) 

Thus  the  cutting  advances  gradually  into  the  closed  stand.  This 
progress  is  usually  about  two  chains  per  annum,  but  should  be  varitKl  to 
meet  the  specific  conditions.  The  method  aims  to  utilize  the  seed  which 
is  produced  each  year,  and  thus  in  years  when  little  or  no  seed  is  pro- 
duced the  selection  cuttings  are  not  pushed  on  into  the  closed  stand,  but 
attention  is  centered  on  the  seedlings  already  secured.  At  the  prospect 
of  an  ample  seed  year  the  selection  cuttings  are  pushed  farther  than 
usual  into  the  closed  stand  in  order  to  utilize  the  larger  production  of 
seed.  In  this  manner  the  effects  of  a  bountiful  seed  crop  can  be  extended 
over  several  years.  The  method  is  essentially  flexible  in  its  adaptability 
to  the  needs  of  various  species  and  sites,  though  it  is  primarily  suited  to 
coniferous  forests.  Thus  in  regenerating  light  demanding  species  the 
clean-cut  strip  can  be  wider;  in  tolerant  species  not  so  wide.  Again,  on 
steep  slopes  or  easily  eroded  soils  the  clean-cut  strip  can  be  kept  narrow. 

The  method  admits  of  modification  very  easily  and  brings  into  play 
the  keenest  judgment  of  the  trained  forester.  For  example,  it  allows  the 
very  desirable  natural  creation  of  mixed  stands,  through  the  variety  of 
shade  and  shelter  which  it  offers.  This  can  be  encouraged  by  removing 
large,  heavy-crowned  tolerant  species  first,  then  those  of  medium  toler- 
ance, leaving  the  intolerant  species  (provided  they  be  wind-firm)  to 
the  last  to  scatter  seed  and  to  furnish  protection  to  the  seedlings  (mostly 
of  tolerant  species)  below  and  around  them. 

The  brush  disposal  is  identical  with  that  now  in  vogue;  the  decay  of 
the  debris  is,  of  course,  accelerated  because  of  complete  exposure  to  the 
elements.  In  general,  brush  scattering  is  recommended  where  the  fire 
menace  does  not  necessitate  partial  or  complete  burning. 

The  absolute  north  to  south  progress  of  cutting  is,  of  course,  only 
possible  on  comparatively  level  ground  (slopes  of  5  degrees  equal  9  per 
cent  or  less).  In  mountainous  country  the  direction  of  the  cuttings 
must  be  such  that  the  material  is  always  removed  down  hill.  Therefore, 
the  normal  north  to  south  direction  need  not  be  changed  on  slopes  facing 
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the  east,  southeast,  south,  southwest,  or  west,  but  on  the  northwest, 
north,  and  northeast  slopes  the  borders  should  run  up  and  down  the 
slope,  progressing  in  a  southwest,  west,  and  southeast  direction  respec- 
tively. This  change  from  the  customary  north  to  south  direction  will 
have  no  ill  effect  silviculturally,  since  northwest,  north,  and  northeast 
sloj^es  are  ipso  facto  protected  from  undue  sun,  and  therefore  are  usually 
moist  enough  to  encourage  seedling  growth. 

I  jogging  is  made  easy  in  this  method  if,  as  far  as  i)ossible,  the  main 
skidding  trails  or  skid  roads  are  laid  out  running  north  and  south  be- 
tween the  cutting  series.  These  will  also  serve  as  boundaries  between 
the  areas,  and  on  occasion  may  be  kept  as  permanent  roads  or  as  fire 
lines.  In  logging  all  material  is  moved  away  from  the  regenerated 
parts;  hence  the  method  minimizes  injury  to  young  growth  during  re- 
moval of  the  mature  crop;  the  mature  trees  left  as  "protectors"  are 
removed  while  the  reproduction  is  still  in  the  seedling  stage,  when  dam- 
age is  negligible,  whereas  in  a  later  stage  it  is  often  exceedingly  damag- 
ing to  the  laboriously  achieved  regeneration  and  may  destroy  it  entirely. 

Any  fail  places  which  persist  after  ample  opportunity  has  been  given 
for  natural  regeneration  must  be  seeded  or  f)lanted.  This  measure  is 
inevitable  in  any  method  of  natural  regeneration;  it  is  mininjized  in  the 
"border"  method,  because  of  the  favorable  position  in  which  the  stand  is 
placed  for  natural  reproduction,  and  the  prevention  of  injury  to  the 
established  young  growth  in  the  "second  cut." 

The  final  remaining  strip  should  be  regenerated  by  a  groupwise  selec- 
tion cutting  unless,  of  course,  it  joins  on  to  a  closed  stand  of  seed- 
bearing  age.  • 

As  for  the  distance  between  the  cutting  series  or  points  of  attack, 
this  depends  on  the  time  within  which  the  entire  area  must  be  regener- 
ated and  the  size  of  the  area.  The  quicker  an  area  must  be  cut  over  and 
the  smaller  it  is,  the  closer  together  nuist  the  cutting  series  be.  Con- 
versely, the  slower  the  area  can  be  cut  over  and  the  larger  it  is,  the  far- 
ther apart  can  the  cutting  series  be;  but  in  order  to  secure  the  manifest 
advantages  of  a  relatively  even-aged  stand — i,  p.,  ordinarily  one  with  no 
greater  divergence  than  30  years  in  the  age  of  its  component  members — 
the  cutting  series  should  seldom  be  more  than  GO  chains  (three-quarters 
of  a  mile)  apart.  This  is  based  on  an  annual  progression  of  two  chains, 
a  factor  which  must  be  varied  as  local  experience  dictates. 

Assuming  a  unit  area  and  different  periods  in  which  it  is  to  be  cut 
over — t.  e,,  regenerated — we  get  the  following  table  of  factors.  (Areai? 
to  be  regenerated  in  a  single  cutting  extending  over  less  than  four  or 
five  years,  of  course,  do  not  come  under  this  method:) 
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-»    ,    .    ,      ...  Distniioe  between  each    Average  ninonni  per 

Period  of  cuUlng—  cutting  berles—  cent  toUl  utand  to 

y **"•  chai  ns.  be  cut  each  year, 

4 8  25 

5 10  20 

6 12  161 

8 16  12i 

10 20  10 

20 40  5 

30 60  3i 

40 80  2J 

This  may  be  sliowii  diagrammatical ly  as  follows:  Assuming  as  unit  of 
area  a  square  section  (640  acres),  with  an  average  stand  of  5,000  feet, 
board  measure,  per  acre,  a  total  of  3,200,000  feet  for  the  whole  section. 

In  its  application  this  method  presupposes  a  careful  division  of  the 
cutting  area  into  types  and  the  notation  of  the  areas  of  burns,  blanks, 
previous  cuttings,  young  growth,  and  the  like.  The  average  stand  per 
acre  must  also  be  determined  for  each  type.  All  these  data  and  more 
are  already  required  in  the  timber  estimate  and  forest  description  of  the 
Forest  Service  and  in  the  reconnaissance  estimates,  maps,  and  descrip- 
tions as  well. 

In  this  method  area  and  volume  check  each  other — e.  g.,  knowing  the 
volume  to  be  cut  each  year  the  requisite  area  can  be  worked  over,  and 
conversely.  The  method  facilitates  and  systematizes  supervision  and 
administration.  The  marking  of  the  trees  in  the  selection  cutting,  the 
supervision  of  the  logging,  and  the  inspection  of  the  resultant  regenera- 
tion are  made  simple  in  so  definitely  bounded  an  area. 

The  final  result  will  be  a  segregation  of  the  age  classes,  each  in  their 
proportional  area,  with  even-aged  stands  instead  of  the  all-aged,  or  at 
best  several-storied  forest,  which  results  from  the  usual  shelterwood  and 
selection  cuttings.  Thus  the  method  leads  over  to  a  regulation  of  yield 
by  area  according  to  age  classes,  which  has  come  to  be  considered  the 
"ultima  ratio"  of  systematic  forest  management. 

As  to  the  increased  menace — i.  e.,  that  fire  may  destroy  the  entire  re- 
production without  leaving  any  seed  trees  present  to  restock  the  area — 
it  may  be  repeated  tliat  the  increased  yield  will  allow  of  more  extensive 
methods  of  fire  protection,  and  that  in  general  the  practice  of  forestry 
presupposes  efficient  fire  protection,  especially  of  young  growth. 

The  practical  application  of  this  method  in  America  depends  on  the 
accessibility  of  all  parts  of  the  tract  to  be  logged,  which  means  a  well- 
developed  system  of  roads  or  other  method  of  transportation.  It  will 
meet  with  the  best  success  on  good  fresh  soil  and  with  coniferous  species. 
In  regenerating  hardwoods  such  elaborate  protection  from  storm  and 
drought  is  seldom  necessary. 
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Since  it  is  not  intended  for  use  in  regenerating  areas  that  are  to  be 
cut  over  in  less  than  four  or  five  years,  it,  unfortunately,  is  not  appli- 
cable to  the  majority  of  Forest  Service  timber  sales,  unless  there  be 
assurance  that  a  given  area  of  timber  will  afford  a  continuous  cut  for  a 
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Flve-j'ear  cutting  [period. 
Eij^bt  c'littliiK  Heries. 
Each  oue-eigbtli  mile  apai't. 
Each  cut  i)er  year,  80  M. 
Total  per  year,  040  M  =  20  7o. 


Ten-year  cutting  i)eriod. 
Four  cutting  Keries. 
Each  one-quarter  mile  apart. 
Each  cut  per  year,  80  M. 
Total  iier  year,  320  M  =  10  %. 


Twenty-year  cutting  period. 
T\vo  cutting  series. 
Each  half  mile  apart. 
Each  cut  i)er  year,  80  M. 
Total  per  year,  160  M  =  5  7r 


Thirty-year  cutting  i)erlo<l. 
One  and  one-third  cutting  series. 
Ea^h  three-quarters  mile  apart. 
Each  cut  per  year,  80  M. 
Total    (per  (540  acres)   i)or  year, 
100  M  =  :U'/. 


longer  period  than  that,  and  that  the  mills  to  which  the  logs  go  consti- 
tute a  steady,  reliable  demand  for  all  the  timber  cut  in  the  period  of 
regeneration. 
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Unfortunately^  this  combination  of  conditions  is  still  rare  in  America. 
Occasional  opportunities,  however,  are  already  at  hand — for  example,  in 
some  of  the  spruce  forests  of  the  north  woods.  These  opportunities  will 
continue  to  multiply,  and  the  forester  should  therefore  bear  in  mind  a 
method  which  offers : 

1.  Natural  regeneration  with  a  minimum  of  loss. 
3.  Utilization  of  all  the  merchantable  timber  instead  of  leaving  a 
large  percentage  as  seed  trees. 

3.  Easy  logging  and  brush  disposal. 

4.  Simplified  administration;  easier  regulation  of  the  yield  through 

the  systematic  development  of  age  classes. 

Black  Forest^  Germany. 
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BY  L.  P.  KNEIPP 
i Delivered  before  the  Hociety  February  2.9,  191  d) 

We  have  in  the  National  Forests  of  the  United  States  159  enormouslv 
productive  sources  of  wealth,  and  it  is  the  function  of  the  Forest  Service 
to  so  administer  these  resources  of  the  people  as  to  meet  best  and  most 
fullv  the  economic  needs  of  the  whole  nation.  Even  if  timber  were  the 
sole  product  of  the  land,  the  performance  of  this  function  would  be 
attended  with  many  almost  insurmountable  difficulties;  but  there  are, 
in  addition^  the  forage  products  and  the  mineral  products,  utilized  under 
differing  and  often  conflicting  conditions,  which  render  the  problem  a 
most  complex  one.  The  mineral  products,  being  imperishable  pending 
utilization,  may  be  dropped  from  consideration;  but  there  still  remains 
the  question  of  whether  a  given  area  of  land  in  Government  ownership 
will  best  subserve  the  interests  of  the  people  by  producing  timber  or 
forage. 

Under  present  conditions  the  forage  crops  produced  by  many  of  the 
National  Forests  rank  in  value  and  importance  with  the  forest  crops,  and 
often  are  paramount.  In  many  parts  of  the  West  live  stock  is  still  the 
principal  export  product — the  one  commodity  which  draws  foreign  capi- 
tal into  local  circulation.  The  benefits  of  the  industry  are  far-reaching : 
they  influence  the  welfare  of  the  farmer,  the  merchant,  the  banker,  and 
the  professional  man;  they  are  the  balance  between  the  profitable  and 
permanent  settlement  of  many  parts  of  the  West  and  failure  and  aban- 
donment. The  conditions  which  render  this  true  are,  of  course,  transi- 
tory. As  more  diversified  and  intensive  methods  of  farming  are  intro- 
duced; as  means  of  transportation  to  market  centers  multiply  and  im- 
prove ;  as  new  industries  develop  and  afford  new  outlets  for  raw  products 
and  surplus  labor,  the  dependence  upon  the  range  will  diminish  and 
cease  to  be  a  factor  demanding  first  attention.  Then,  too,  as  the  prac- 
tice of  forestry  progresses  there  will  be  a  more  accurate  determination 
of  land  values ;  non-forest  lands  will  ])e  devoted  to  other  uses ;  the  forest 
cover  will  be  extended  over  all  of  the  potential  forest  lands  and  the  by- 
product of  forage  will  be  negligible. 

This,  however,  is  looking  into  the  future,  and  it  is  not  probable  that 
the  changes  occurring  during  the  next  decade  or  two  will  materially  alter 
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the  existing  conditions.  We  will  still  have  a  natural  resource  of  great 
economic  value  which  should  be  converted  to  a  beneficial  use;  we  will 
have  many  communities  whose  very  existence  will  be  dependent  upon 
the  utilization  of  that  resource;  we  will  have  a  fire  risk  which  can  be 
appreciably  moderated  by  properly  regulated  grazing;  we  will  have  a 
steadily  increasing  demand  for  meat  products.  The  Western  stock- 
grower  makes  two  not  wholly  extravagant  claims  for  his  industry:  1, 
that  it  was  the  most  potent  of  all  influences  in  promoting  the  settlement 
of  the  Great  American  Desert ;  2,  that  it  made  meat  a  common  article  of 
diet  upon  the  table  of  the  poor  man,  where  before  it  had  been  a  week- 
end luxury.  One-seventh  of  the  great  Trans-Missouri  region  has  been 
reserved  for  National  Forests,  and  while  the  continuance  of  this  land  in 
Government  ownership  will  promote  rather  than  retard  the  intensive 
development  of  the  West,  the  manner  in  which  it  is  administered  will 
have  a  well-marked  and  definite  effect  upon  the  volume,  and  therefore 
the  price,  of  meat  products.  No  system  of  forest  management  can  be 
successful  which  does  not  take  account  of  these  conditions,  and  in  some 
small  degree  subordinate  its  requirements  to  the  needs  peculiar  to  a  given 
region. 

What  is  the  real  importance  of  that  part  of  the  live-stock  industry 
which  is  dependent  upon  the  National  Forests?  The  approximate  an- 
nual product  of  the  sheep  is  7  pounds  of  wool  per  head,  and  a  natural 
increase  equal  to  70  per  cent  of  the  stock  covered  by  permit;  the  an- 
nual product  of  the  cattle  and  horses  is  equal  in  numl>ers  to  20  per 
cent  of  the  permitted  stock.  During  the  year  1911  permits  were  is- 
sued for  7,449,415  head  of  sheep  and  goats  and  1,443,438  head  of  cattle 
and  horses,  while  in  addition  about  50,000  cattle  and  horses  were  grazed 
free.  The  estimated  annual  product  of  this  stock  was,  therefore,  52,- 
000,000  pounds  of  wool,  worth  about  $7,800,000;  4,470,000  lambs  or 
sheep,  worth  about  $11,000,000,  and  298,700  head  of  cattle  and  horses, 
worth  about  $6,000,000,  or  a  grand  total  of  about  $25,000,000.  Ex- 
cluding Texas  and  Oklahoma,  we  find  that  about  27  per  cent  of  all 
sheep  in  Western  States  are  provided  with  range  within  the  National  For- 
ests. Dropping  from  consideration  the  States  of  Texas,  Oklahoma,  Kansas, 
Nebraska,  and  North  and  South  Dakota,  where  the  number  of  cattle  and 
horses  under  permit  is  negligible  when  contrasted  with  the  State  totals, 
it  develops  that  the  cattle  and  horses  grazed  upon  National  Forest  lands 
constitute  15.6  per  cent  of  all  cattle  and  3.6  per  cent  of  all  horses  within 
the  Western  States.  The  relatively  low  percentage  of  cattle  and  horses 
is  due  largely  to  the  fact  that  the  State  totals  include  dairy  cattle  and 
work  horses,  classes  of  stock  which  are  necessarilv  confined  to  farms. 


GRAZING   IN  THE  NATIONAL  FORESTS  155 

These  percentages  cannot  be  accepted  as  wholly  accurate  indications  of 
the  degree  to  which  the  various  communities  are  dependent  upon  the 
National  Forest  ranges;  some  communities  are  only  slightly  dependent, 
while  others  are  entirely  so.  At  the  same  time  these  percentages  give 
one  some  idea  of  the  relation  between  the  stock-grower  and  the  Govern- 
ment forester. 

Why  does  the  welfare  of  many  Western  communities  depend  upon  a 
use  of  National  Forest  ranges  ?  First,  because  the  agricultural  products 
of  that  part  of  the  West  adjacent  to  the  National  Forests  are  largely 
forage  or  grain  crops  of  large  bulk  and  comparatively  low  values,  which 
cannot  profitably  be  hauled  the  distances  that  separate  ranch  and  mar- 
kets. The  most  economical  and  often  the  only  means  of  utilization  is 
to  convert  them  into  meat  products  by  feeding  them  to  live  stock,  which 
can  be  marketed  with  greater  ease  and  less  expense.  Second,  because 
stock  must  be  removed  from  the  fields  and  meadows  during  the  period 
of  plant  development,  in  order  that  a  maximum  crop  yield  may  be  ob- 
tained. Third,  because  the  uncultivated  lands  outside  of  the  National 
Forests  are  inadequate  to  provide  pasturage  for  the  numbers  of  stock 
required  to  convert  the  surplus  farm  and  forage  products  into  merchant- 
able commodities,  partly  because  they  are  insufficient  in  area,  but  largely 
because  low  elevation  and  scanty  precipitation  tend  to  render  them  bar- 
ren of  forage  during  the  period  when  it  is  most  urgently  needed.  Fourth, 
because  the  favorable  conditions  of  succulent  feed,  abundant  and  pure 
water,  low  temperature,  and  freedom  from  insect  annoyances,  so  essential 
to  secure  perfect  finish  in  flesh  and  form,  are  largely  to  be  found  within 
the  National  Forests.  The  Forest  Service,  in  point  of  fact,  has  almost 
a  monopoly  of  the  choice  summer  ranges  of  the  Western  States — ranges 
which  are  as  essential  to  the  stock-growers  as  their  home  ranches  and 
their  haystacks.  If  these  ranges  were  withdrawn  from  use,  the  resultant 
shrinkage  in  the  volume  of  products  and  receipts  would  be  enormous. 

None  of  our  domestic  animals  have  any  inherent  qualities  which  should 
render  them  obnoxious  to  the  forester.  If  allowed  to  follow  their  natural 
inclinations  the  damage  which  would  mark  their  use  of  forest  lands  would 
be  almost  negligible  and  more  than  offset  by  the  benefits.  The  fact  that 
under  present  conditions  the  pasturage  of  forest  lands  is  an  antagonistic 
use  is  attributable,  first,  to  the  greedy  indifference  to  future  benefits 
which  prompts  the  individual  to  overstock  and  destroy  to  realize  a  slight 
temporary  profit;  second,  to  the  methods  man  has  devised  to  maintain 
control  over  the  animals.  While  the  production  and  utilization  of  the 
forest  crop  has  become  an  exact  science  based  on  well-established  natural 
principles,  the  production  of  the  range  forage  crop  has  until  recently 
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been  left  to  Providence,  its  utilization  governed  largely  by  the  laws  of 
chance. 

The  forage  growing  upon  the  unreserved  and  unappropriated  lands 
of  the  United  States  has  always  been  the  free  spoil  of  any  person  who 
possessed  the  means  to  convert  it  to  his  own  use  and  benefit.  The  result 
has  been  the  wastage  and  abuse  of  one  of  the  great  natural  heritages  of 
the  nation.  The  era  which  is  just  coming  to  a  close  bred  peculiar  types 
of  men  and  equally  peculiar  methods  of  range  management.  The  man 
needed  and  developed  the  wit  to  outgeneral  his  competitors,  the  courage 
to  conquer  the  wilderness  and  overcome  the  difficulties  which  beset  him. 
He  grew  impatient  of  restraint,  and  exalted  his  empirical  standards  and 
principles  above  all  others.  He  adapted  his  flocks  and  herds  to  their  new 
environment ;  developed  new  methods  of  range  management  destructive, 
but  successful;  shaped  his  operations  so  as  to  best  meet  the  new  condi- 
tions and  survive  the  fierce  competition  between  individuals  and  classes. 
Often  he  deplored  the  need  which  drove  him,  but  it  existed,  and  he  was 
compelled  to  meet  it.  The  price  he  had  to  pay  for  his  range  was  the 
exercise  of  strategy,  often  of  force,  and  this  involved  enonnous  wastage. 

The  National  Forests  represent  11)0,000,000  acres  of  the  public  domain 
suddenly  reserved  and  placed  under  governmental  control.  The  range 
problems  occurring  within  them  were  common  with  those  of  the  uncon- 
trolled lands.  The  methods  governing  their  use  were  as  destructive, 
and  they  were  subject  to  the  same  misuse  and  abuse.  The  men  who 
used  them  were  of  the  common  type.  In  their  minds  the  principles  of 
conservation  and  forest  protection  were  idle  and  theoretical ;  improved 
methods  of  use  impracticable.  Where  the  introduction  of  advanced 
methods  of  forest  management  conflicted  with  the  requirements  of  their 
industry  they  opposed  such  methods.  To  the  trained  forester,  the  only 
hope  for  the  forests  seemed  to  lay  in  the  more  or  less  complete  exclusion 
of  live  stock. 

For  reasons  given,  exclusion,  or  even  very  material  reductions  in  num- 
bers, was  impracticable  if  not  impossible.  The  alternative  was  to  regu- 
late grazing — to  devise  means  of  prevention  or  cure,  (iradually  a  sys- 
tem of  constructive  range  management  was  built  up,  a  system  unique  in 
the  history  of  the  country,  and  at  present  the  most  advanced  of  its  kind 
in  the  United  States.  By  the  division  of  the  range;  by  the  determina- 
tion of  proper  periods  and  methods  of  use ;  by  the  enforcement  of  well- 
grounded  protective  regulations,  and  by  tlie  creation  of  improved  facil- 
ities for  handling  stock,  the  damage  to  the  forest  was  lessened,  the  bene- 
fits multiplied.     This  system  has  been  effective  for  seven  years. 


GRAZING  IN  THE  NATIONAL  FORESTS  157 

To  what  extent  has  grazing  under  this  system  of  regulation  conflicted 
with  the  progressive  development  of  the  forest  resources?  The  answer 
to  this  question  depends  largely  upon  the  factors  of  forest  type,  forage, 
soil,  moisture,  character  of  use,  and  temperament  of  investigator.  We 
have  on  the  one  hand  many  instances  where  the  forest  cover  has  en- 
croached steadily  upon  the  grazing  lands  to  the  exclusion  of  the  stock; 
on  the  other,  many  instances  where  grazing  has  unquestionably  retarded 
the  natural  reproduction  of  the  forest.  Within  the  majority  of  the 
Xational  Forests  the  net  result  is  debatable;  benefit  and  injury  must  be 
analyzed  and  rated  before  conclusions  can  be  reached.  Generally,  recog- 
nition of  the  needs  of  the  stock  industry  has  entailed  some  sacrifice  of 
silvicultural  development.  As  more  refined  and  intensive  plans  of  forest 
management  are  adopted  and  applied  this  sacrifice  will  become  greater, 
unless  there  is  a  corresponding  advancement  in  methods  of  range  man- 
agement. 

Damage  to  the  fotrest  arises  from  two  general  causes :  First,  the  actual 
consumption  of  tree  seedlings.  This  occurs  only  when  there  is  shortage 
of  proper  plant  food  or  an  absence  from  that  food  of  certain  acid  or 
alkaline  requirements  essential  to  the  well  being  of  the  animals  which 
are  partially  supplied  by  the  seedlings.  In  other  words,  damage  of  this 
character  is  due  either  to  overstocking  of  ranges  or  neglect,  and  except 
in  some  small  degree  it  is  remediable.  The  second  cause  is  the  destruc- 
tion of  the  seedlings,  directly  by  trampling  animals  or  indirectly  by 
destruction  of  ground  cover,  compacting  of  soil,  with  consequent  loss  of 
moisture,  or  by  erosion  and  exposure  of  root  systems.  The  benefits  are: 
first,  a  diminution  of  fire  risk  by  the  removal  of  enormous  quantities  of 
vegetation,  which,  if  allowed  to  accumulate  and  dry  out,  would  greatly 
increase  the  difficulties  of  effective  fire  protection;  second,  the  creation 
of  soil  conditions  favorable  to  natural  reproduction  by  the  removal  of  a 
competing  ground  cover  and  the  exposure  of  the  type  of  soil  essential  to 
the  successful  germination  and  growth  of  tree  seeds. 

It  will  be  observed  that  the  evils  of  grazing  may  be  remedied  by  the 
prevention  of  overstocking,  by  the  requirement  of  proper  care  of  the 
animals,  and  by  certain  changes  in  the  present  methods  of  handling  the 
stock,  whereby  the  grazing  of  large  numl)ers  of  animals  in  compact 
bodies,  or  the  constant  assemblage  of  large  numbers  of  animals  at  central 
points,  or  the  use  of  forage  at  times  when  it  is  not  suited  to  the  stock 
may  be  obviated.  This  change  in  plans  of  operation,  which  is  almost 
revolutionary,  must  be  accomplished  without  serious  disturbance  of  the 
live-stock  industry,  and  to  make  it  fully  effective  it  must  be  made  at- 
tractive to  the  stock-grower  by  its  practicability  and  its  offer  of  greater 
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financial  returns.  The  first  step  must,  therefore,  be  to  provide  more 
feed,  more  and  better  distributed  sources  of  water  supply,  more  facilities 
for  handling  the  stock,  better  means  for  reducing  annual  natural  losses 
and  for  lowering  costs  of  operation.  The  range  reconnaissance  work 
which  has  been  initiated  by  the  Forest  Service  has  these  objects  in  view ; 
it  is  the  first  step  in  a  comprehensive  plan  of  improvement  and  develop- 
ment designed  primarily  for  the  betterment  of  forest  conditions,  because 
forest  management  must  at  present  proceed  along  the  lines  of  least  re- 
sistance, and  for  a  time  must  be  coordinated  with  range  management 
rather  than  opposed  to  it. 

Wh8.t  may  one  logically  deduce  from  these  facts?  First,  that  the 
economic  requirements  of  the  Western  States  demand  a  complete  utiliza- 
tion of  the  forage  products  of  the  National  Forests  pending  the  time 
when  such  products  give  way  to  forest  products;  that  while  pasturage 
might  be  provided  elsewhere  for  much  of  the  stock  now  dependent  upon 
the  National  Forests,  exclusion  of  stock  during  thp  transition  period 
would  inevitably  mean  an  annual  loss  of  many  millions  of  dollars,  which, 
because  of  its  influence  upon  the  prosperity  of  the  communities  or  com- 
monwealths concerned,  might  be  considered  indefensible.  Second,  that 
a  grazing  use,  when  properly  regulated,  is  not  inconsistent  with  a  forest 
use,  but,  to  the  contrary,  may  be  made  to  contribute  materially  to  forest 
development.  Third,  that  the  Forest  Service  is  obligated  to  exhaust 
every  means  within  its  power  to  devise  methods  and  measures  whereby 
the  complete  use  of  the  forage  may  be  secured  with  a  minimum  of  injury 
to  tree  growth,  so  that  a  sacrifice  of  a  great  industry  to  a  national  need 
will  not  be  necessary  until  it  becomes  unavoidable  through  changed  eco- 
nomic conditions  common  to  the  entire  country. 

As  the  administration  of  the  National  Forests  continues  and  as  the 
investigation  of  range  conditions  progresses  it  becomes  more  and  more 
apparent  that  the  grazing  of  stock  under  fence  means  not  only  a  largely 
increased  monetary  return  from  the  forage  crop,  but  a  large  reduction 
in  the  volume  of  damage  done  by  stock.  Fences,  however,  are  regarded 
as  semi-permanent  investments,  and  if  allowed  would  unavoidably  be 
considered  as  liens  upon  the  lands  enclosed  at  least  during  a  period  suffi- 
cient to  insure  a  return  upon  the  capital  invested.  They  would  there- 
fore localize  what  is  at  present  only  a  general  interference  with  the  prac- 
tice of  intensive  forest  management,  and  might  therefore  delay  the  ap- 
plication to  the  National  Forests  of  advanced  principles  of  administra- 
tion. 

One  important  factor  in  the  future  administration  of  the  National 
Forests  will  be  the  inevitable  adoption  of  a  system  of  range  control  upon 
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the  unappropriated  public  lands.  Obviously  the  system  of  range  allot- 
ment must  be  coordinated,  the  methods  of  range  control  standardized 
and  made  uniform.  All  legislation  hitherto  urged  for  enactment  has 
contemplated  both  a  per  capita  permit  and  a  leasing  system,  and  un- 
doubtedly the  legislation  which  will  finally  be  enacted  will  so  provide. 
In  such  event  it  will  be  necessary  to  make  some  radical  changes  in 
National  Forest  rules  and  regulations  and  for  a  time  these  changes  may 
have  a  disorganizing  and  detrimental  effect,  but  the  final  result  will  be 
beneficial. 

The  future  relation  of  the  National  Forests  to  the  live-stock  industry 
is  difficult  to  forecast.  So  long  as  they  produce  stores  of  valuable  forage 
there  will  be  a  strong  demand  for  its  utilization.  Eventually  the  cattle 
baron  and  the  sheep  king  will  pass  out  of  existence,  the  large  herds  and 
flocks  of  the  present  widely  distributed,  but  the  small  farmer  in  the 
valley  and  the  rugged  mountaineer  occupying  the  fertile  glades  and 
benches  of  the  mountains  will  strenuously  oppose  the  exclusion  of  their 
stock  from  the  forest  lands. 


KAXGE  IMPROVEMENT  AXD  IMPROVED  METHODS  OF 
HANDLING  STOCK  IN  NATIONAL  FORESTS 

BY  J.  T.   JARDINE 
{Delivered  before  the  Society  February  29,  1912) 

The  paper  presented  by  Mr.  Kneipp  has  shown  that  tlie  stock  industry 
on  National  Forests  produces  an  annual  crop  having  a  value  estimated 
at  $25,000,000,  and  that  until  in  recent  years  the  production  of  the 
forage  crop  supporting  this  industry  was  left  to  Providence  and  its 
utilization  governed  by  the  laws  of  chance — a  lack  of  system  in  produc- 
tion and  utilization  which  could  not  but  result  in  waste.  Even  Provi- 
dence can  be  aided  in  the  amount,  the  quality,  and  the  distribution  of 
the  forage  produced,  and  it  is  surely  no  serious  criticism  of  the  stock- 
men to  state  that  they  could  seven  years  ago  and  can  still  be  materially 
aided  in  bringing  about  a  system  or  systems  of  utilization  which  will 
consider  the  conflicting  interests  involved  and  will  result  in  minimum 
waste. 

The  essential  principles  of  the  Forest  Service  management  which  have 
resulted  in  marked  improvement  in  production  and  utilization  during 
the  past  seven  years  are :  Prevention  of  overstocking,  which  is  the  death 
knell  of  any  range;  (2)  proper  periods  of  use;  (3)  division  of  range 
between  different  classes  of  stock;  (4)  development  of  unused  range; 
(5)  improvement  of  watering  facilities;  (6)  the  creation  of  improved 
facilities  for  handling  the  stock;  (7)  improved  methods  of  handling  the 
stock,  and  (8)  the  allotment  system  of  assigning  the  range  which  tends 
to  fix  responsibility  for  unnecessary  damage.  In  1907  investigative 
work  was  begun  for  the  purpose  of  collecting  experimental  data  to  sup- 
plement experience  as  a  basis  for  deciding  the  questions  of  carrying 
capacity,  proper  periods  of  use,  how  best  to  improve  the  quantity  and 
quality  of  forage  and  the  methods  of  handling  the  stock.  Naturally, 
this  work  fell  under  two  main  subjects:  First,  how  to  produce  the  maxi- 
mum value  of  forage  crop.  Second,  how  to  get  the  greatest  grazing 
efficiency  per  unit  area  in  utilizing  the  forage  produced.  By  virtue  of 
the  fact  that  grazing  may  be  antagonistic  to  reforestation  and  to  water- 
shed protection,  a  third  and  perhaps  the  biggest  problem  of  all  arises: 
what  portion  of  the  forage  crop  produced  can  be  utilized  by  grazing 
without  jeopardizing  the  welfare  of  reforestation  and  watershed  protec- 
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tion  further  than  is  justified  by  the  comparative  merits  of  the  resources 
at  stake? 

The  greater  portion  of  range  witliin  National  Forests  was  used  for 
sheep  grazing  before  the  areas  were  set  aside  as  forests.  As  a  conse- 
quence of  a  help-youreelf  system  of  utilization  during  this  early  period, 
there  resulted  all  stages  of  damage  from  slightly  overgrazed  to  denuda- 
tion. Obviously,  to  establish  a  condition  of  maximum  forage  production 
it  must  be  accomplished  either  by  seeding  with  introduced  forage  plants 
or  by  natural  restocking  with  the  most  valuable  forage  plants  already 
present  on  the  ranges. 

It  was  realized  in  the  beginning  that  to  scatter  available  seed  over 
every  area  which  was  not  producing  a  good  cro])  of  forage  would  result 
in  large  expenditures  and  might  or  might  not  result  in  an  increase  of 
forage.  Any  successful  investigation  of  a  problem  which  concerns  living 
organisms  must  aim  at  isolating,  if  I  may  be  allowed  that  term,  the  life 
history  of  the  organism  in  question,  its  requirements  of  life,  the  factors 
which  promote  its  development,  and  the  factors  which  retard  its  develop- 
ment. The  problem  of  seeding  depleted  ranges  with  introduced  culti- 
vated species  was  attacked  by  selecting  a  few  localities  as  the  basis  of 
intensive  investigations  to  determine  for  eacHi  of  the  (cultivated  species 
available  the  altitudinal  range,  moisture  requirements,  soil  requirements, 
soil  treatment  necessary,  ability  to  compete  with  native  vegetation, 
ability  to  withstand  grazing,  the  amount  of  seed  necessary,  the  best  time 
for  sowing,  and  the  cost  per  acre.  To  supplement  the  intensive  work 
and  have  the  tests  cover  the  entire  region  within  National  Forest,  a  total 
of  449  small  seeding  experiments  have  been  made  under  the  direction  of 
the  Washington  office,  but  under  the  immediate  supervision  of  the  local 
forest  oflScers.  These  tests,  averaging  4  acres  in  size,  are  distributed 
over  86  forests  and  cover  an  altitudinal  range  of  1,300  feet  to  10,000 
feet.  Fifteen  available  species  have  been  tested  and,  naturally,  soil  and 
moisture  conditions,  as  well  as  amount  of  native  vegetation,  have  varied. 
Prior  to  the  initiation  of  an  experiment  a  preliminary  plan  has  been 
submitted  for  approval,  and  subsequent  to  seeding  progress  reports  have 
been  submitted  for  each  project.  From  the  intensive  investigations  it 
has  been  determined: 

(1)  That  seeding  with  the  cultivated  species  available  should  not  be 
attempted  within  1,500  feet  of  true  timberline.  Above  this  altitude  a 
stand  may  be  secured,  but  the  temperature  is  so  low  and  the  growing 
season  so  short  that  the  small  amount  of  forage  produced  will  not  justify 
the  expense. 
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(2)  Below  the  altitude  given  the  only  areas  which  have  the  requisite 
soil  and  moisture  conditions  for  successful  seeding  are  those  having  a 
deep  soil  with  considerable  organic  matter,  such  as  are  found  in  moun- 
tain meadows,  moist  park  areas,  meadow-like  in  character,  and  moist 
alluvial  bottoms  along  streams.  This  is  based  upon  actual  measure- 
ments of  the  moisture  requirements  of  the  available  species  as  well  as 
successful  and  nonsuccessful  seedlings.  No  forage  plant  has  yet  been 
found  which  can  be  successfully  introduced  on  the  large  areas  of  dry 
hillsides. 

(3)  Even  on  areas  where  the  requisite  soil,  moisture,  and  altitudinal 
requirements  exist  it  is  not  economically  possible  to  seed  cultivated  spe- 
cies where  the  native  vegetation  is  dense.  Cultivated  plants  can  seldom 
replace  a  vigorous  stand  of  native  vegetation.  A  small  amount  may 
grow,  but  not  sufficient  to  justify  the  expense  of  seeding  unless  the  area 
is  cultivated. 

(4)  Except  in  the  Southwest,  the  seed  should  be  sown  in  the  fall; 
October  is  the  most  satisfactory  month.  In  the  Southwest  May  is  the 
best  time,  owing  to  the  long  period  of  drought  in  the  spring  and  to  the 
rainy  season  occurring  between  May  and  September.  It  is  highly  im- 
portant that  some  inexpensive  soil  treatment  be  given  to  cover  the  seed. 
Trampling  in  with  sheep  is  satisfactory,  or  the  use  of  a  brush  harrow 
will  serve. 

The  compiled  results  of  the  449  small  tests  substantiate  these  conclu- 
sions. 

There  still  remains  the  task  of  completing  a  study,  already  begun,  to 
classify  in  terms  of  native  vegetation  the  areas  upon  which  seeding  to 
cultivated  species  is  economically  possible  and  the  species  to  sow.  There 
also  remains  the  possibility  of  introducing  native  species,  which  are  not 
now  under  cultivation,  into  new  localities.  This  may  be  possible  by  col- 
lecting the  seed  in  the  native  habitat,  and  later  growing  the  plant  at 
forest  experiment  stations  or  elsewhere  under  cultivation,  in  order  to 
produce  seed  at  a  cost  which  would  not  be  prohibitive  to  distribution. 

At  best  the  acreage  suitable  to  the  introduction  of  cultivated  forage 
plants  is  small  compared  to  the  total  acreage  of  range.  Consequently 
success  in  improving  forage  conditions  depends  largely  upon  protecting 
the  best  forage  plants  already  present  sufficient  to  secure  natural  reseed- 
ing  and  reproduction  of  those  species.  To  accomplish  this  end  and  at 
the  same  time  utilize  the  forage  to  the  fullest  possible  extent,  it  is  neces- 
sary to  know  the  absolute  requirements  of  the  vegetation  we  wish  to 
reproduce,  and  then  adjust  grazing  so  as  to  meet  those  requirement* 
which  must,  consciously  or  unconsciously,  be  acknowledged  in  any 
successful  system  of  grazing. 
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A  very  intensive  study  was  undertaken  to  develop  such  a  system  of 
grazing  upon  high  mountain  range,  which  is  tlie  most  difficult  type  of 
range  to  maintain  in  condition  of  maximum  productivity,  due  to  short 
growing  season,  low  temperature,  and  excessive  demand  for  such  range. 
The  essential  points  determined  were : 

(1)  On  badly  overgrazed  areas,  where  herbage  has  been  seriously 
weakened  by  continuous  early  grazing,  at  least  two  and  in  some  cases 
more  than  two  seasons  of  protection  are  necessary  before  a  normal  crop 
of  seed  is  produced. 

(2)  That  even  on  our  highest  ranges  the  seed  crop  is  practically  ma- 
tured by  September  1,  while  the  grazing  season  lasts  ordinarily  to  Sep- 
tember 15  or  October  1. 

(3)  After  seed  maturity  the  air-cured  forage  is  palatable  and  nutri- 
tious, and,  so  far  as  reproduction  is  concerned,  it  is  better  to  utilize  this 
forage  by  close  grazing  than  to  leave  it  ungrazed,  as  the  grazing  aids  in 
scattering  the  seed  and  trampling  it  into  the  ground. 

(4)  For  the  two  seasons  following  the  production  of  a  good  crop  ot 
seed  it  is  essential  to  graze  only  in  the  late  fall,  and  then  carefully  and 
only  moderately  heavy,  due  to  the  fact  that  the  newly  established  seed- 
lings are  readily  injured  by  trampling.  Besides  additional  seed  is 
thereby  matured  to  insure  abundant  reproduction. 

Prom  these  data  can  be  deduced  two  principles  which  are  the  basis  of 
judiciously  deciding  periods  of  grazing.  First,  that  it  is  impossible  to 
keep  a  range  in  condition  of  maximum  productivity  if  it  is  close  grazed 
during  the  first  half  of  the  grazing  season  year  after  year.  Such  prac- 
tice gradually  weakens  the  plant  constitution  by  preventing  the  develop- 
ment and  storage  of  the  necessary  amount  of  reserve  food.  Second, 
where  sufficient  permanent  watering  places  exist,  it  is  possible  to  work 
out  a  rotation  system  of  grazing  which  will  not  only  avoid  impoverishing 
the  plant  constitutions,  but  will  result  in  occasional  natural  reseeding — 
both  without  loss  of  forage  utilization  any  year.  On  one  forest  such  a 
rotation  system  was  successfully  practiced  on  ten  sheep  allotments  last 
year.  The  principles  are  applicable  everywhere  and  are  gradually  being 
applied. 

In  connection  with  the  above  intensive  work  there  is  also  being  grad- 
ually worked  up  complete  information  regarding  the  entire  flora  on  our 
grazing  lands.  The  work  of  the  special  men  is  being  supplemented  by 
local  forest  officers,  who  are  making  plant  collections  for  their  respective 
forests.  Since  August  1,  1911,  2,500  specimens  have  been  received  for 
identification  and  economic  notes.  In  this  way  it  is  hoped  to  develop  a 
knowledge  on  the  part  of  the  supervisors,  rangers,  and  permittees  of  the 
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distribution,  comparative  value,  and  growth  requirements  of  the  plants 
which  make  up  the  forage  crop  on  their  respective  forests.  With  this 
knowledge  there  will  be  increased  possibility  of  more  intensive  utilization 
without  destroying  tlie  thing  we  must  protect. 

In  proposing  any  change  in  the  existing  methods  of  handling  the 
stock  after  they  are  on  the  range,  it  is  necessary  to  keep  in  mind  its 
effect  upon  the  vegetation,  effect  upon  the  animal,  and  its  practicability 
from  the  standpoint  of  the  stockman.  The  vegetation  and  the  animals 
again  are  living  organisms  having  inherent  requirements  and  character- 
istics of  life.  A  thorough  understanding  of  these  natural  forces  as  they 
exist  under  range  conditions,  in  conjunction  with  a  first-hand  knowledge 
of  handling  stock,  is  the  best  foundation  for  building  up  an  efficient 
system  or  systems  of  handling.  To  facilitate  such  a  study  for  sheep,  a 
coyote-proof  pasture,  including  2,560  acres  of  typical  mountain  range, 
was  inclosed.  For  fi^^e  successive  seasons  a  band  of  sheep  has  been 
grazed  in  the  inclosure,  free  from  annoyance  of  any  kind.  During  this 
period  a  careful  study  has  been  made  of  the  actions  of  the  sheep,  growth 
of  sheep,  loss  of  sheep,  to  some  extent  wool  growth,  carrying  capacity  of 
range,  and  cost  of  handling  under  this  approximately  ideal  system,  as 
compared  with  results  on  corresponding  })oints  under  existing  systems 
of  handling  on  the  open  range.  Tliis  study  necessitated  several  years  of 
test,  but,  based  u})oji  the  data  collec'tcd,  it  is  now  i)ossible  to  safely  state 
to  sheepmen  that  if  the  sheep  are  kept  constantly  on  the  range  instead 
of  being  driven  back  and  forth  to  and  from  a  central  camp;  if  allowed 
free,  quiet  open  grazing  rather  tlian  close  herding  and  worry  by  dogs; 
intermittent  use  of  areas  instead  of  constant  use  until  the  vegetation  is 
eaten  into  the  ground,  the  result  will  be  a  five  to  ten  pound  increase  in 
the  weight  per  head  of  sheep;  a  smaller  number  of  unmarketable  "dogie** 
sheep;  increased  wool  growth  and  an  increase  in  carrying  capacity  of 
range  of  from  10  per  cent  to  50  per  cent,  depending  upon  the  intensity 
of  bad  management  on  previous  occasions.  A  similar  study  has  been  in 
progress  two  years  to  try  and  improve  existing  methods  of  handling 
ewes  during  the  lambing  period. 

That  there  is  possibility  of  increasing  the  carrying  capacity  of  range 
as  well  as  possibility  of  increasing  the  annual  crop  of  sheep,  their  weight 
and  wool  growth  is  evidenced  by  the  fact  that  at  present  the  lamb  crop 
varies  in  any  one  year  from  60  per  cent  to  115  per  cent  of  the  total  ewes, 
with  an  approximate  average  of  75  to  80  per  cent;  the  approximate 
variation  in  the  weight  of  lambs  of  tlie  same  age  and  breeding  is  25 
pounds;  the  approximate  variation  in  wool  crop  is  from  5  pounds  to 
11  pounds,  and  there  is  a  variation  of  as  much  as  35  per  cent  in  the 
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amount  of  range  required  per  head  of  sheep  under  different  herders. 
That  improvement  along  these  lines  can  be  brought  about  and  is  being 
brought  about  is  evidenced  by  the  following  results  cited  from  one 
forest.  During  the  season  of  1910-1911  the  number  of  sheep  on  the 
Madison  Forest  was  increased  from  90,000  to  99,000  on  the  same  range. 
The  supervisor  attributed  this  increase  almost  wholly  to  the  fact  that 
50  per  cent  of  the  sheep  are  now  never  returned  to  a  camp  at  night 
and  are  rarely  molested  by  herders  or  dogs  during  the  day.  Formerly 
they  were  driven  back  and  forth  to  and  from  camp  and  were  herded  in 
the  true  sense  of  the  work.  The  lambs  from  bands  handled  in  the  im- 
proved way  were  eight  pounds  heavier  and  sold  for  $1  per  head  more 
than  lambs  of  the  same  age  and  breeding  belonging  to  the  same  com- 
pany, but  herded  on  range  outside  the  forest.  Other  examples  of  the 
same  fact«  could  be  cited. 

For  cattle  the  main  problem  of  the  Forest  Service  is  to  provide  better 
facilities  for  handling.  Mainly  more  and  better  watering  places,  drift 
fences,  and  holding  pastures;  these  in  conjunction  with  greater  care  in 
salting  and  more  attention  on  the  part  of  permittees — all  to  secure  equal 
distribution  over  the  range  and  prevent  excessive  congregation  near 
water  and  other  especially  favorite  areas. 

The  management  of  grazing  upon  National  Forests  which  should  be 
adopted  in  order  to  give  reforestation,  watershed  interests,  and  the  grac- 
ing industry  the  protection  which  the  comparative  value  of  these  re- 
sources demands  is  a  problem  which  must  be  approached  sanely,  without 
bias,  and  must  be  given  thorough  rather  than  a  superficial  consideration. 
Do  sheep  or  cattle  kill  a  few  seedlings?  Undoubtedly  yes  under  any 
conditions.  But  this  is  not  the  question.  The  real  problem  is:  What 
will  be  the  net  result  even  if  a  few  seedlings  are  destroyed  ?  This  will 
take  a  period  of  at  least  ten  years  to  determine  sanely. 

In  some  habitats  grazing  may — undoubtedly  does — aid  reproduction  in 
getting  started  and  in  competing  with  other  vegetation.  Tji  other  habi- 
tats this  is  not  true.  Between  the  time  of  seed  germination  and  the  time 
the  trees  reach  5  feet  in  height  many  will  be  destroyed  by  grazing.  Dur- 
ing any  period  in  the  life  of  the  tree  grazing  may  be  its  protection 
against  fire.  What  is  the  net  result  ?  My  own  idea  is  that  if  the  range 
is  protected  as  we  wish  to  protect  it  against  overgrazing  and  improper 
handling  of  stock  the  damage  over  the  major  portion  of  the  forests  will 
be  negligible.  Special  areas,  where  reproduction  must  be  had  in  mini- 
mum time,  where  we  are  prepared  to  adequately  protect  it,  may  require 
stricter  measures. 
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Investigations  for  the  purpose  of  determining  the  extent  of  damage  to 
tree  reproduction  due  to  grazing  have  been  in  progress  for  two  years. 
The  essential  points  of  the  plan  of  investigation  are : 

(1)  In  each  of  a  number  of  localities  representing  various  conditions 
of  habitat,  take  two  small  areas  in  every  way  comparatble  to  begin  with. 
Fence  one  and  keep  it  fenced  indefinitely.  Let  the  other  take  its  chance 
under  grazing.  Map  each  area  to  begin  with,  showing  all  existing  tree 
growth.  Make  a  comparative  study  of  the  areas  over  a  period  of  years 
and  finally  determine  the  comparative  status. 

(2)  By  means  of  many  small  permanent  plats,  located  on  the  range 
to  represent  various  conditions  of  habitat  and  grazing,  make  actual  seed- 
ling counts  with  a  view  to  determining  the  percentage  of  seedlings  in- 
jured, the  kind  of  injury  and  how  it  was  inflicted,  the  season  of  greatest 
injury,  the  relative  damage  on  the  various  forest  types,  relative  damage 
done  by  different  classes  of  stock,  and  the  permanency  and  detrimental 
effect  of  various  kinds  of  grazing  injuries. 

(3)  To  determine  how  much  of  this  damage  might  be  eliminated  by 
more  careful  management  or  lighter  grazing. 

The  results  to  date  require  more  space  than  is  justifiable  in  this  paper 
and  it  is  too  early  to  draw  conclusions. 

In  cooperation  with  the  Bureau  of  Plant  Industry,  intensive  studies 
are  being  carried  on  to  determine  ways  of  avoiding  loss  of  forage  by 
non-use  of  range  due  to  stock-poisoning  plants  and  loss  of  stock  if  they 
eat  those  plants,  and  in  cooperation  with  the  Biological  Survey  the 
problem  of  exterminating  the  prairie  dog  is  being  undertaken. 

Granting  that  each  of  the  lines  of  investigation  discussed  yields  results 
of  value,  there  will  still  remain  the  big  problem  of  effectively  incor- 
porating the  data  collected  into  our  grazing  management.  On  our  im- 
portant grazing  forests  today  perhaps  60  per  cent  of  the  valuable  knowl- 
edge regarding  the  location,  extent,  and  value  of  grazing  lands  by  types 
is  carried  in  the  heads  of  supervisors,  rangers,  and  other  forest  officers. 
They  may  leave  tomorrow  and  take  it  with  them.  In  order  to  increase 
the  accuracy  of  this  knowledge  and  place  it  in  the  most  convenient  form 
for  future  use,  a  map  of  reasonable  accuracy  should  be  made  which  will, 
as  nearly  as  possible,  be  a  graphic  reproduction  of  the  actual  resources 
as  they  appear  on  the  ground,  but  on  a  smaller  scale  than  in  nature,  so 
that  the  value  of  each  acre  and  its  requirements  of  management  as  well 
as  its  relation  to  other  acres  can  be  more  readily  and  efficiently  deter- 
mined. As  more  data  are  accumulated  by  investigation  and  as  forest 
management  and  the  management  of  grazing  upon  forests  grows  more 
intensive,  this  information  becomes  more  and  more  a  necessity  in  devel- 
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oping  working  plans  which  will  put  into  application  new  data  and  im- 
proved methods^  and  result  in  a  satisfactory,  stable  plan  of  improvement, 
of  utilization,  and  of  future  investigative  work. 

The  most  satisfactory  way  of  securing  the  necessary  data  and  putting 
them  in  tangible  form  is  by  an  intensive  grazing  reconnaissance  survey. 
Such  work  was  undertaken  on  four  forests  the  past  season.  A  total  of 
1,398,525  acres  were  covered,  maps  made,  and  economic  notes  collected 
on  all  grazing  resources.  In  the  growing  of  farm  products  the  investi- 
gator may  determine  the  most  efficient  agricultural  crops  and  the  most 
efficient  management  for  various  habitats  and  market  conditions.  It  is 
then  up  to  the  farmer  to  classify  his  lands  and  conditions,  so  that  he  can 
apply  the  experimental  data.  In  our  work  the  Forest  Service  is  in  the 
dual  position  of  investigator  and  farmer,  and  it  is  hoped  that  the  work 
of  classifying  our  lands  can  be  continued  to  keep  pace  with  other  phases 
of  the  Forest  Service  work.  It  is  the  connecting  link  between  the  accu- 
mulation of  data  by  special  scientific  investigation  and  the  application 
of  this  data  in  actual  practice. 


SILVICULTURAL  SYSTEMS  FQR  WESTERN  YELLOW  PINE 

BY  EARLE  H.   CLAPP 
(Delivered  befotv  the  Society  March  21,  1912) 

Western  yellow  pine  is  one  of  the  most  important  National  Forest 
trees,  considering  the  large  percentage  of  the  National  Forests  on  which 
it  occurs,  the  immense  areas  in  all  parts  of  the  West  which  it  occupies 
exclusively  or  in  mixture  with  other  species,  and  the  fact  that  it  has 
been  cut  more  extensively  up  to  the  present  than  any  other  National 
Forest  tree.  Accordingly  the  standardization  of  practice  in  the  manage- 
ment of  Western  yellow  pine  is  distinctly  advisable  in  so  far  as  the  rather 
meager  and  fragmentary  data  available  and  the  great  diversity  of  condi- 
tions under  which  the  tree  is  found  will  allow. 

A  statement  of  some  of  the  characteristics  of  yellow-pine  stands  and 
of  the  tree,  although  commonly  known,  will  make  clearer  the  basis  for 
the  conclusions  reached  regarding  silvicultural  treatment. 

In  general,  Western  yellow  pine  is  found  either  in  pure  stands  or 
forming  a  large  proportion  of  the  mixture  with  other  species.  It  com- 
monly occurs  as  an  open,  irregular,  uneven-aged  forest,  with  rather  a 
marked  tendency  toward  even-aged  groups,  usually  of  small  size;  in  the 
Southwest,  for  instance,  of  from  2  to  20  trees;  in  California,  not  usually 
exceeding  an  acre  in  extent;  in  western  Montana  and  Idaho,  rather  fre- 
quently in  favorable  situations  such  as  the  bottoms  of  narrow  draws,  of 
considerable  extent  of  mature  timber.  Frequently  on  areas  of  consider- 
able size  the  distribution  is  by  single  trees,  and  groups  are  ordinarily 
connected  by  scattered  individual  trees.  In  the  Black  Hills,  due  to  re- 
])eated  flrc!?,  there  are  large  bodies  of  relatively  even-aged  timber.  In 
general,  tliere  is  a  good  representation  of  all-age  classes,  considering  the 
number  of  classes  ordinarily  required  in  a  yellow-pine  rotation  of  from 
180  to  '300  years  as  not  more  than  3  or  4.  The  presence  of  decadent 
and  mature  trees  is  almost  universal,  aa  is  also  reproduction,  which  com- 
monly occurs  in  groups  or  patches  in  openings  or  partially  under  the 
shade  of  the  parent  trees.  Under  the  most  adverse  conditions,  repro- 
duction may  be  secured  only  at  long  intervals  under  a  combination  of 
favorable  conditions. 

Except  as  a  seedling,  the  tree  is  decidedly  intolerant.     For  the  seed- 
ling, either  a  certain  minimum  of  soil  moisture  in  the  upper  layers  of 
(168) 
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the  soil  must  apparently  be  present^  or  a  certain  amount  of  shade  and 
protection  is  necessary.  One  or  the  other  of  these  conditions  is  essential 
to  reproduction.  Injury  from  early  fall  and  late  spring  frosts  is  s6me- 
times  of  vital  importance  in  preventing  reproduction. 

Before  taking  up  a  consideration  of  silvicultural  systems  which  should 
be  used  in  the  management  of  yellow-pine  stands^  I  desire  to  emphasize 
some  considerations  which  should,  in  general,  apply  regardless  of  the 
system  adopted. 

Since  our  stands  are  generally  characterized  by  mature  and  decadent 
trees,  and  it  is  reasonably  certain  that  growth,  as  a  result,  is  largely  or 
altogether  offset  by  decay,  our  primary  object,  regardless  of  the  system, 
should  be  a  light  cut  to  remove  the  material  which  will  not  live  or  thrive 
until  a  second  cutting,  provided  this  is  sufficient  to  warrant  a  practical 
operation.  This  will  make  it  possible  to  cover  rapidly  the  bulk  of  the 
yellow-pine  type  and  make  growth  available,  and  also  start  reproduction. 
Furthermore,  T  am  convinced  that  we  shall  need  to  go  slowly  about  per- 
mitting second  cuttings  until  practically  all  virgin  stands  have  been  cut 
over  once.  In  general,  the  mature  and  decadent  trees  which  would  be 
taken  out  in  a  first  cutting  do  not  include  more  than  two-thirds  of  the 
volume  of  the  present  merchantable  stand,  and  in  many  cases  even  less. 

Othel*  things  being  equal,  we  should  also,  regardless  of  system,  attempt, 
so  far  as  possible,  to  locate  cuttings  in  areas  where  the  percentage  of 
mature  and  decadent  timber  is  unusually  large  and  where  there  is  good 
advance  reproduction. 

On  many  of  the  National  Forests  where  yellow  pine  has  been  cut 
heretofore  the  selection  system  has  been  followed.  Approximately  two- 
thirds  of  the  volume  of  the  merchantable  stand  has  been  removed.  A 
tentative  rotation  of  from  180  to  200  years  has  been  considered,  with 
cutting  cycles  of  from  40  to  60  years.  The  modified  group  form  of  the 
selection  system  lias  been  followed  in  California,  advocated  in  parts  of 
the  Southwest,  and  clearly  recognized  in  the  Northwest.  In  parts  of  the 
Southwest  and  in  the  Black  Hills  the  shelterwood  svstem  has  been  fol- 
lowed,  the  first  cutting  taking  out  from  60  to  70  per  cent  of  the  stand, 
with  the  idea  of  returning  in  from  10  to  20  years  for  the  remainder  after 
reproduction  is  secured. 

Using  as  a  basis  the  moisture  or  shade  conditions  necessary  to  secure 
natural  reproduction,  yellow-pine  stands  may  be  divided  into  three 
classes,  each  of  which  should  be  handled  differentlv : 

1.  A  comparatively  large  proportion  of  the  yellow-pine  region  in 
which  moisture  and  other  conditions  are  so  favorable  that  natural  repro- 
duction is  reasonably  certain,  even  though  cutting  is  not  designed  pri- 
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marily  to  secure  it.  Here  a  modification  of  the  selection  system  in 
which  small  groups  are  treated  much  the  same  as  individual  trees  should 
be  used.  Resulting  even-aged  groups  should  increase  volume  produc- 
tion. 

2.  A  smaller  proportion  of  the  yellow-pine  region,  including  dryer 
portions  of  the  Southwest,  parts  of  California,  where  the  chaparral  ques- 
tion is  serious,  and  possibly  the  pumice  soils  of  the  eastern  Cascades, 
in  which,  in  spite  of  adverse  moisture  and  temperature  conditions  or  the 
presence  of  brush,  it  is  reasonably  certain  that  natural  reproduction  can 
be  secured  by  careful  cutting.  The  method  of  cutting  must  accordingly 
be  designed  almost  altogether  by  preserving  favorable  moisture  condi- 
tions or  by  shading  out  chaparral,  or  both,  to  secure  reproduction.  The 
trees  left  must  be  as  evenly  distributed  over  the  area  as  other  conditions 
will  allow.  Since  full  light  is  necessary  for  the  thrifty  growth  of  sap- 
lings, the  parent  trees  must  be  removed  as  soon  as  possible  after  repro- 
duction is  secured,  resulting  in  a  primitive  application  of  the  shelter- 
wood  system,  even-aged  stands  and  the  possibility  of  much  greater 
volume  production  than  at  present. 

3.  Areas  of  considerable  extent  in  exposed  situations  and  along  the 
lower  border  of  the  type,  where  conditions  are  extremely  adverse  and 
where  natural  reproduction  cannot  be  expected  to  follow  any  system  of 
cutting.  No  cutting  should  be  done  until  advance  reproduction  is  pres- 
ent, and  it  should  then  take  the  form,  either  selection  or  clear  cutting, 
which  the  quantity  and  distribution  of  the  advance  reproduction  in- 
dicates. 

Mr.  Pearson,  as  a  result  of  investigations  on  the  Coconino  Plateau, 
found  that  yellow-pine  reproduction  in  general  occurs  outside  of  the 
protection  of  the  parent  trees  only  when  there  is  sufficient  moisture  in 
the  surface  layers  of  the  soil,  and  that  either  protection  or  moisture  is 
necessary  for  reproduction.  Observations  indicate  that  through  a  large 
part  of  the  yellow-pine  belt,  Class  1,  moisture  conditions  are  sufficiently 
favorable  so  that  the  overhead  shade  of  the  parent  tree  is  unnecessary. 
This  holds  true  in  much  of  Montana  and  Idaho,  Washington  and! 
Oregon,  California,  and  even  in  parts  of  the  Southwest. 

The  following  description  of  a  modified  form  of  the  selection  was 
given  before  the  Society  on  March  10,  1910,  by  Mr.  Graves  in  a  discus- 
sion of  the  selection  system  (Proceedings,  Vol.  V,  No.  1) :     • 

"This  tentative  development  of  the  selection  system  is  applied  in  a 
number  of  special  forms  in  Europe.  Tn  general,  the  tendency  is  to 
transform  the  forest  to  the  group  selection  form  in  which  each  age  class 
occurs  in  groups  instead  of  in  the  single-tree  arrangement.    The  groups 
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vary  in  size  from  50  feet  to  several  hundred  feet  across,  are  irregular  in 
fonn  of  area,  and  their  location  irregular  in  relation  to  each  other,  but 
the  aim  is  to  secure  an  equal  aggregate  area  of  each  age  class  in  each 
compartment/' 

This  form  of  the  selection  system,  which  merged  into  clear  cuttings  in 
groups,  and  is  sometimes  called  the  patch  system  or  the  group  system, 
is  the  form  intended  for  Western  yellow  pine.  The  modified  form  should 
give  good  results  with  such  an  intolerant  tree  as  yellow  pine.  Each 
group,  while  protected  and  shaded  to  some  extent  from  the  side,  has 
full  sunlight  from  above,  and  the  size  of  groups  can  be  so  regulated  as 
to  secure  best  results  in  reproduction  and  a  maximum  of  growth  and 
reproduction.  The  presence  in  virgin  stands  of  even-aged  groups  and  a 
good  representation  of  age  classes  will  assist  greatly  in  the  introduction 
of  this  system. 

While  it  is  probable  that  good  results  could  be  secured  by  the  use  of 
the  shelterwood  system,  it  does  not  seem  advisable  under  present  condi- 
tions and  at  the  beginning  of  systematic  management  to  attempt  to 
change  over  to  even-aged  stands  the  immense  areas  of  uneven-aged 
yellow-pine  forests  under  our  control. 

In  the  application  of  the  principles  of  the  selection  system  to  actual 
operation  in  Class  1  all  decadent  trees,  those  declining  steadily  in  value, 
should  be  cut,  and  mature  trees,  those  which  are  practically  at  a  stand- 
still, unless  they  are  clearly  needed  for  seed  or  protection.  While  it 
will,  of  course,  be  impossible  to  transform  an  irregular  stand  at  once 
into  an  ideal  form,  a  much  more  distinct  recognition  of  the  group  forma- 
tion should  be  given  than  heretofore.  The  determination  of  the  proper 
size  for  openings  under  varying  conditions  will  be  exceedingly  difficult, 
and  until  exact  experimental  results  are  available  it  will  be  necessary 
to  depend  upon  observations  in  virgin  stands  and  in  private  cuttings. 
In  general,  the  size  of  openings  and  the  resulting  size  of  groups  must 
decrease  as  conditions  become  adverse.  Under  no  considerations  should 
openings  be  large  enough  to  enlarge  existing  parks  or  to  create  parks, 
or  to  allow  the  encroachment  of  chaparral  or  brush  to  the  exclusion  of 
reproduction.  Upon  comparatively  small  areas  surrounded  by  Class  1 
conditions,  it  may  be  necessary,  because  of  adverse  conditions,  to  remove 
only  individual  trees.  Groups  of  advance  reproduction  should  be  un- 
covered when  from  the  best  observations  available  it  seems  probable  that 
this  reproduction  will  thrive,  and  that  on  a  whole  a  greater  production 
will  be  secured  than  through  leaving  surrounding  trees.  Since  the  aim 
should  be  to  secure  an  equal  aggregate  area  for  each  age  class  within 
each  compartment,  the  approximate  amount  of  each  cut  will  become  self- 
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regulating  as  soon  as  the  number  of  cutting  cycles  are  also  determined. 
The  first  cut  may  be  irregular,  and  should  not,  even  at  the  expense  of 
irregularities  to  be  corrected  in  the  future,  remove  too  great  a  part  of 
the  cover  or  too  large  a  percentage  of  the  merchantable  timber.  Two- 
thirds  of  the  volume  of  the  merchantable  stand  should  for  the  present 
represent  about  the  maximum. 

The  cutting  in  Class  1  of  even-aged  mature  groups  exceeding  the 
ideal  group  in  size  will,  in  most  situations,  tend  to  formation  of  even- 
aged  reproduction;  but  these  stands  occur  upon  comparatively  small 
areas,  and  even  though  all  of  the  remaining  trees  are  removed  in  a  sec- 
ond cutting,  the  influence  upon  the  periodic  cut  for  an  entire  working 
circle  should  not  be  great. 

Although  it  is  still  necessary  to  judge  entirely  from  the  diameter 
growth  of  individual  trees,  both  yield  and  quality  growth  tables  being 
unavailable,  a  tentative  rotation  of  from  180  to  200  years  seems  ad- 
visable. The  proper  rotation  will  produce  the  maximum  amount  of  the 
class  of  material  desired,  which  will  in  most  cases  be  saw  timber; 

Cutting  cycles,  not  exceeding  50  years,  seem  to  be  about  right  under 
present  conditions.  For  many  obvious  reasons  our  tendency  should  be, 
so  far  as  possible,  to  make  them  short  rather  than  long,  and  this  tend- 
ency will  reduce  the  amount  of  material  taken  out  at  any  one  time. 
This  technical  need  must  be  balanced  in  all  cases  with  the  need  for  cut- 
ting a  sufficient  amount  of  material  to  warrant  lumbermen  to  operate, 
to  secure  reasonable  stumpage  prices  and  favorable  contract  conditions. 

In  a  Class  2  area  on  the  Coconino  Plateau,  Mr.  Pearson,  of  the  Fort 
Valley  Experiment  Station,  found  that  young  growth,  both  in  virgin  and 
cut-over  stands,  is  in  groups  on  the  north  and  east  sides  of  the  parent 
trees,  usually  no  nearer  than  5  to  10  feet  from  the  base  of  the  tree  and 
extending  out  to  the  north  and  east  about  20  or  30  feet.  He  found  that 
frequently  these  groups  are  sharply  outlined,  with  scarcely  a  seedling 
beyond  well-marked,  definite  limits.  He  found  that  the  protection 
which  is  necessary  to  start  reproduction  is  too  great  for  the  thrifty 
growth  of  the  sapling. 

Practically  all  of  what  is  now  the  Prescott  National  Forest  has  been 
cut  over  lightly  several  times  in  a  manner  which  approaches  roughly 
the  shelter^'ood  system.  Very  little  of  the  old  stand  now  remains. 
Reproduction  is  generally  good,  and  in  places  the  young  growth  is  very 
dense.  Climatic  conditions  in  this  forest,  and  especially  precipitation, 
are  not  particularly  favorable. 

Mr.  Pearson  has  found  from  a  study  of  old  cuttings  that,  in  general, 
under  adverse  conditions,  heavy  cutting,  so  far  as  naturi^l  reproduction 
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is  concerned,  has  proTed  disastrous,  and  that  under  adverse  conditions 
reproduction  seems  to  be  best  when  the  natural  conditions  of  the  virgin 
forest  are  but  little  modified. 

These  facts  all  indicate,  under  the  conditions  of  Class  2,  a  light  pre- 
liminary cutting,  which,  in  order  to  secure  the  maximum  of  reproduc- 
tion, will  leave  the  remaining  stand  well  distributed,  and  a  second  cut- 
ting after  reproduction  is  well  established  to  free  the  young  trees  and 
provide  for  thrifty  growth.  This  is  a  primitive  application  of  the 
shelterwood  system. 

It  is  probable  that  some  degree  of  success,  and  possibly  yields  equal  to 
virgin  stands,  could  be  secured  even  under  Class  2  conditions  by  the 
regular  form  of  the  selection  system.  The  main  objections  are  the  need 
for  shelter  to  get  reproduction,  and  the  need  for  removing  it  in  a  short 
time  to  get  good  growth.  Tjarge  production  in  yellow  pine  because  of  its 
intolerance  must  come  from  even-aged  stands  or  even-aged  groups,  and 
it  is  doubtful  if,  under  the  condition  of  Class  2,  groups  can  be  made 
large  enough  to  secure  good  growth  and  at  the  same  time  get  reproduc- 
tion. 

Theoretically,  under  the  shelterwood  system  the  stand  is  removed 
gradually  by  a  series  of  thinnings.  Each  thinning  extends  through  the 
stand  and  gives  it  a  uniform  character.  The  new  stands,  which  are 
essentially  even-aged,  start  under  the  shelter  of  the  trees  left,  which,  in 
addition  to  furnishing  seed,  act  as  protection.  In  European  practice 
the  whole  stand  is  usually  removed  within  a  period  of  10  to  40  years. 

In  the  practical  application  of  this  system  to  the  Western  yellow-pine 
stands  of  Class  2,  the  aim  in  the  first  cut,  in  order  to  secure  reproduc- 
tion, should  be: 

1.  To  make  the  cut  as  light  as  practical  considerations  will  allow 
(never  more  than  two-thirds  of  the  virgin  stand)  and  to  secure  as  even 
a  distribution  of  the  remaining  stand  as  is  possible  and  practicable. 

2.  To  remove,  so  far  as  consistent  with  this  principle,  mature  and 
decadent  trees,  and  those  suppressed,  injured,  diseased,  and  defective 
trees  which  are  a  menace  to  the  stand  or  which  will  not  live  until  a 
second  cut,  and  to  leave  sound,  thrifty,  wind-firm  trees  capable  of  seed 
production  and  growth. 

The  recognition  of  the  group  tendency  of  yellow  pine  should  be  con- 
fined to  uncovering  groups  of  advance  reproduction  and  to  removing 
even-aged  groups  of  mature  or  decadent  timber,  where  single  trees  left 
would  probably  be  wind-thrown  or  cannot  be  left  for  some  other  valid 
silvicultural  reason.    Qreat  care  should  be  taken  to  keep  openings  small. 
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The  time  for  the  removal  of  the  remaining  stand  must  be  left  largely 
to  the  future.  It  is  probable  that  market  conditions  will  not  be  suflB- 
ciently  favorable  to  warrant  more  than  one  cutting.  Silviculturally,  it 
should  probably  occur  in  from  10  to  20  years,  after  reproduction  is  well 
started.  Actually,  it  may  be  considerably  delayed,  and  the  time  finally 
selected  will  be  a  compromise  between  the  following  conditions: 

1.  The  advisability  of  cutting  over  the  great  bulk  of  our  over-mature 
stands  before  beginning  extensive  second  cuttings. 

2.  The  desire  to  secure  the  maximum  growth  from  the  material  to 
be  cut  with  the  least  damage  to  the  young  stand  through  shading. 

3.  The  regulation  necessary  and  the  demand  for  timber. 

A  rotation  of  approximately  200  years,  as  in  Class  1,  will  probably  be 
required. 

In  parts  of  California,  where  moisture  conditions  are  favorable  but 
the  ground  is  occupied  with  chaparral,  and  reproduction  will  accord- 
ingly be  difficult,  the  chief  aim  of  the  first  cut  should  also  be  to  secure 
reproduction.  Here,  in  order  so  far  as  possible  to  shade  out  the  in- 
tolerant chaparral,  the  trees  left  should  be  well  distributed,  and  a  de- 
cision made  later  depending  upon  the  existing  conditions  and  the  results 
secured  as  to  whether  the  shelterwood  or  selection  system  be  finally 
adopted. 

While  the  shelterwood  system  is  undoubtedly  indicated  in  the  Black 
Hills  because  of  the  even-aged  character  of  the  present  stands,  it  is  prob- 
able that  management  under  the  selection  system  would  give  good  re- 
sults, because  the  distribution  of  the  precipitation  is  such  that  the  con- 
ditions for  reproduction  are  favorable. 

In  the  third  class  conditions  are  so  adverse  that  reproduction  cannot 
be  expected  to  follow  any  system  of  cutting.  Such  areas  are  common 
along  the  lower  edge  of  the  type  on  exposed  southern  and  western  slopes, 
and  on  particularly  poor  sites.  In  addition,  it  probably  includes  a  part 
of  the  forests  of  the  eastern  slope  of  the  Sierras  and  a  large  part  of  the 
chaparral  areas  in  southern  California.  This  class  is  characterized  by 
light  stands  oflfering  little  protection.  Eeproduction  is  secured  only 
under  combinations  of  favorable  conditions  which  occur  infrequently, 
and  which  cannot  be  foreseen.  In  this  class  no  cutting  should  be 
allowed  until  advance  reproduction  is  secured.  The  system  then  fol- 
lowed should  depend  upon  the  quantity  and  distribution  of  the  repro- 
duction and  the  age  and  condition  of  the  existing  stand.  Where  repro- 
duction comes  in  evenly  over  large  areas,  the  cutting  of  the  original 
stand  may  be  comparatively  heavy  or  clear.  If,  however,  reproduction 
is  in  scattered  groups  or  occurs  only  as  scattered  seedlings,  the  cutting 
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(selection)  should  do  little  more  than  remove  the  mature  and  decadent 
trees  under  the  protection  of  which  the  reproduction  started.  After 
planting  methods  have  been  developed,  it  will,  of  course,  be  possible  to 
cut  clear  and  plant. 

Modifications  in  the  system  used  in  pure  stands  may  be  necessary 
when  other  species  are  found  with  yellow  pine.  The  common  mixture 
in  the  North  and  Northwest  is,  on  cooler  exposures,  chiefly  with  Douglas 
fir,  white  fir,  and  occasionally  lodgepole  pine,  and  on  the  warmer  expo- 
sures with  larch.  White  fir  of  merchantable  size  is  usually  defective, 
and  Douglas  fir,  because  of  mistletoe,  may  not  produce  good  stands. 
Furthermore,  the  Douglas  fir  is  outside  of  the  region  of  its  best  develop- 
ment, and  while  valuable  locally,  is  of  secondary  value  for  the  general 
market.     Present  markets  do  not  recognize  the  intrinsic  value  of  larch. 

In  California  the  mixture  consists  of  white  fir,  incense  cedar,  and 
sugar  pine,  the  first  two  very  defective,  and  under  present  conditions 
almost  a  drug  on  the  market;  Douglas  fir  of  secondary  value  because  of 
competition  with  the  fir  of  the  Northwest,  and  sugar  pine  more  valuable 
than  the  yellow  pine  itself.  The  percentage  of  white  fir  and  incense 
cedar  reproduction,  already  large,  is  probably  increasing  in  virgin  stands. 
In  the  middle  Koekies  and  the  Southwest,  Douglas  fir  and  white  fir  com- 
monly occur  in  mixture  on  north  slopes  and  at  higher  elevations.  White 
fir  is  defective  and  inferior. 

Where  there  is  danger  that  inferior  species  will  crowd  out  the  more 
valuable  yellow  pine,  an  attempt  should  be  made  to  reduce  their  pro- 
portion in  the  stand  by  cutting  out  seed  trees  so  far  as  possible,  and 
where  inferior  species  are  also  defective,  an  attempt  should  be  made, 
at  least  in  selection  stands,  to  reduce  their  rotation  to  one  which  will 
produce  sound  timber. 

In  stands  where  the  percentage  of  yellow  pine  is  small,  even  though 
it  is  unquestionably  the  best  species,  the  inferior  species,  or  those  of 
secondary  importance,  should  not,  unless  other  silvicultural  reasons  make 
it  necessary,  be  cut  heavily  except  when  by  so  doing  it  is  reasonable  to 
suppose  that  the  percentage  of  yellow  pine  can  be  increased.  Sugar 
pine  in  California  stands  may  be  favored  by  keeping  openings  small. 

The  probability  that  a  proper  mixture  of  tolerant  species  with  yellow 
pine  may  be  of  a  distinct  advantage  must  also  be  recognized. 

Consideration  of  our  methods  of  handling  yellow  pine  stands  has  em- 
phasized the  need  for  more  exact  silvical  and  yield  data  for  stands  under 
different  systems  of  management  and  varying  conditions.  These  data 
may  be  obtained  from  timber  sales,  or  in  part  from  cuttings  on  private 
lands,  or  even  from  virgin  stands.    By  taking  advantage  of  National 
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Forest  timber  sales,  it  should  be  possible,  by  vandng  the  method  of  cut- 
ting on  areas  of  sufficient  size  to  give  conclusive  results  in  accordance 
with  a  comprehensive  plan,  to  determine  the  yield  which  may  be  ex- 
pected under  different  systems. 

The  selection  and  shelterwood  systems  should  receive  the  maximum 
consideration.  From  yield  tables  so  obtained  it  will  be  possible  to  de- 
cide the  proper  rotation  under  which  yellow  pine,  under  varying  condi- 
tions, should  be  managed  in  order  to  secure  the  maximum  volume 
production  of  the  kind  of  material  desired.  We  should  have  data  also 
to  show  growth  in  quality. 

For  the  selection  system,  it  will  be  necessary  to  determine  the  best 
size  for  groups  under  varying  conditions,  considering  both  reproduction 
and  yield,  and  the  best  cutting  cycles.  For  the  shelterwood  system,  the 
number  of  the  cuttings  necessary  for  best  results  and  the  approximate 
extent  to  which  the  stand  should  be  opened  under  each,  with  particular 
reference  to  the  distribution  of  seed  and  shelter  trees  in  the  first  cut- 
tings, should  be  determined. 

The  conclusion  of  experiments  will  obviously  require  many  years.  In 
the  meantime,  a  number  of  studies  along  the  lines  indicated  above  can 
be  conducted  which  should  give  results  of  the  greatest  benefit  for  imme- 
diate application. 


STATE  FOEESTEY  PBOBLEMS 

BY  A.  P.  HAWES^  STATE  FORESTER,  VERMONT 

(Contributed) 

The  Proceedings  of  the  Society  of  American  Foresters  have  contained 
a  great  many  articles  bearing  on  the  management  of  the  National  For- 
ests, which  must  be  of  great  value  to  the  foresters  entrusted  with  their 
administration.  Thus  far  comparatively  little  has  been  written  bearing 
on  the  problems  of  State  forestry,  and  since  I  believe  that  the  most 
marked  development  in  forestry  work  of  the  next  decade  will  be  accom- 
plished through  the  various  State  governments,  I  propose  in  this  paper 
to  suggest  a  few  of  the  problems  confronting  the  forester  in  State  em- 
ploy, with  the  hope  that  some  discussion  on  this  side  of  the  profession 
may  be  aroused. 

Since  my  experience  in  State  forestry  work  has  been  confined  to  New 
England,  the  conclusions  reached  necessarily  apply  primarily  to  New 
England,  although  many  questions  of  policy  apply  equally  well  in  other 
sections  of  the  country.  The  main  problems  confronting  a  State  forester 
group  themselves  naturally  under :  1,  Protection ;  2,  Education ;  3,  Silvi- 
culture; 4,  Utilization;  5,  Policy.  These  problems  naturally  overlap, 
and  perhaps  it  would  be  more  correct  to  speak  of  the  first  four  as  the 
various  subjects  with  which  State  policy  deals.  However,  there  are 
occasional  questions  which  deal  distinctly  with  policy  aside  from  the 
other  four  subjects. 

1.  Protection. — ^The  first  essential  for  a  State  forester  is  to  familiarize 
himself  with  the  viewpoint  of  the  people  of  his  State.  "Protection"  to 
the  average  forester  immediately  suggests  forest  fires,  patrols,  lookout 
stations,  telephones,  etc.  To  the  woodland  owner  of  eastern  Massachu- 
setts it  suggests  gipsy  and  brown-tail  moths,  spray  outfits,  nest-collecting, 
etc.,  while  to  the  timber  owner  of  Vermont  it  is  quite  as  apt  to  suggest 
the  porcupine  and  a  State  bounty.  The  forester  who  tries  to  develop  an 
ideal  fire  system  in  a  State  suffering  little  from  fire  without  regard  to 
other  subjects  in  which  the  people  are  interested  cannot  meet  with  the 
best  success.  However  picayune  a  subject  may  seem  to  him,  he  must 
give  it  due  consideration  if  there  is  a  popular  interest  in  it. 

(a)  Fire  protection, — ^The  chief  problem  in  this  connection  is  in  secur- 
ing efficient  fire  wardens.     Up  to  1906  there  was  no  good  system  of 
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wardens  anywhere  in  New  England.  The  law  which  was  passed  at  that 
time  in  Connecticut  provided  for  the  appointment  of  a  town  warden  by 
the  selectmen  with  the  approval  of  the  State  forester.  This  has  enabled 
the  forester  to  retain  a  good  warden  from  year  to  year  and  gradually 
weed  out  the  poor  ones.  In  Vermont  a  law  had  been  passed  before  the 
creation  of  the  position  of  State  forester  making  the  first  selectman  fire 
warden  of  his  town.  This  law  has  now  been  given  four  years^  trial  and 
it  is  safe  to  predict  will  never  be  a  great  success.  The  selectmen  are 
usually  elected  for  their  business  ability  and  as  a  rule  live  in  the  villages 
situated  in  the  valleys.  While  they  are  often  continued  in  service  20 
years  or  more  and  are  decidedly  the  best  men  for  carrying  on  the  town 
business,  they  are  not  well  adapted  to  serve  as  fire  wardens.  I  believe 
that  about  30  per  cent  of  the  fire  wardens  elected  in  this  way  are  eflficient. 
In  conversation  with  many  of  the  selectmen  on  this  subject  I  have  found 
most  of  them  favorable  to  adopting  the  Connecticut  method  of  appoint- 
ing wardens.  Upon  securing  efficient  wardens  fire  protection  in  our 
Eastern  States  is  a  simple  matter. 

The  division  of  the  expense  between  town  and  State  is  an  important 
matter,  but  there  can  be  little  question  that  participation  in  the  expense 
by  the  town  is  desirable,  since  it  leads  to  economy  which  would  often  not 
be  affected  for  the  State.  In  Connecticut  the  expense  is  borne  one-half 
by  the  town,  one-quarter  by  the  county,  and  one-quarter  by  the  State. 
In  Vermont*  the  whole  expense  up  to  5  per  cent  of  the  grand  list  is 
borne  by  the  town,  the  balance  by  the  State.  On  the  whole  the  latter 
arrangement  seems  preferable,  since  the  poorer  towns  receive  the  benefit 
and  the  State  is  at  less  expense.  Under  this  system  during  the  four 
seasons— 1909,  1910,  1911,  and  1912— the  State  of  Vermont  has  been 
obliged  to  help  but  one  town  for  one  fire. 

Many  questions  arise  in  connection  with  the  administration  of  a  fire 
law  which  canirot  be  decided  too  arbitrarily.  For  example,  if  a  fire  war- 
den of  one  town  discovers  a  fire  in  another  threatening  his  own  should 
he  give  aid,  and,  if  so,  which  town  should  pay  the  bill  ?  There  can,  of 
course,  be  no  question  but  that  he  should  give  immediate  aid,  notifying, 
if  possible,  the  warden  of  the  town  in  which  the  fire  is.  I  believe  that 
the  bill  thus  incurred  should  be  paid  by  the  town  in  which  the  fire  was 
situated.  In  most  cases  this  opinion  has  seemed  acceptable,  but  in  one 
or  two  cases  it  has  been  impossible  to  force  the  benefited  town  to  pay 
men  from  another  town.    The  law  should  be  explicit  in  this  regard. 

If  men  volunteer  to  extinguish  a  fire  should  they  be  paid  the  same  as 

•  In  Vermont  the  grand  Hst  la  1  per  cent  of  &U  taxable  property  of  the  town 
Instead  of  the  total,  as  in  most  States. 
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those  hired  by  the  warden  ?  If  so,  should  a  man  be  paid  for  fighting  fire 
on  his  own  land?  Unquestionably,  for  support  in  future  fires  all  bona 
fide  fire-fighters  should  be  paid  whether  they  were  hired  by  the  town  or 
had  volunteered  for  the  purpose  before  the  arrival  of  the  warden.  The 
warden  has  the  right,  of  course,  upon  his  arrival  to  dismiss  any  men 
whom  he  does  not  wish  to  pay.  Whether  a  man  should  be  reimbursed 
for  fighting  fire  on  his  own  land  is  a  very  nice  question.  A  man  fighting 
fire  in  his  house  would  not  expect  reimbursement  from  the  city.  Very 
few  farmers  extinguishing  brush  fires  on  their  lands  would  think  of 
charging  the  town  for  their  time.  The  average  lumberman  who  detailed 
his  chopping  or  driving  crew  to  fighting  his  own  fires  for  a  few  hours 
would  not  expect  to  be  reimbursed  for  such  service.  But  if  a  fire  oc- 
curred at  a  season  when  he  had  no  men  in  the  woods  and  he  hired  men 
especially  for  fire-fighting  he  would  probably  expect  to  be  reimbursed  by 
the  town,  and  rightly  so.  If  the  lumberman  is  thus  reimbursed  should 
he  not  be  for  the  time  of  his  chopping  or  driving  crew,  and  should  not 
the  farmer  who  extinguishes  his  own  brush  fire  be  paid  by  the  town? 
On  the  whole  it  seems  as  though  every  one  should  be  paid  for  fighting 
fire,  even  on  his  own  land,  imless  he  was  responsible  directly  or  indirectly 
for  the  fire.  As  an  illustration  of  an  extreme  case  of  this  kind,  I  will 
mention  a  bill  which  came  up  for  my  approval  in  connection  with  the 
reimbursement  by  the  State  of  one  town  in  1911.  A  lumberman  who 
owned  the  land  on  which  the  fire  mostly  occurred  submitted  a  bill  of 
approximately  $100  for  carrying  men  in  his  automobile  back  and  forth 
to  the  fire  for  a  week,  charging  at  the  rate  of  20  cents  a  mile.  The  town 
paid  this  bill,  together  with  others,  amounting  to  about  $1,300,  but  the 
writer  disallowed  25  per  cent  of  the  automobile  bill  for  reimbursement 
by  the  State. 

The  rate  of  pay  that  wardens  and  men  employed  in  fire-fighting  should 
receive  is  an  important  question.  In  Vermont  wardens  receive  $2  per 
day  and  employees  $1.50.  These  wages  are  interpreted  as  for  a  ten-hour 
day.  In  the  better  agricultural  sections  of  the  State  it  is  almost  impos- 
sible to  hire  men  except  through  force  at  $1.60  per  day,  while  in  some 
of  the  more  remote  sections  a  wage  of  $1.75  per  day  might  be  an  incen- 
tive for  some  of  the  men  to  set  fire.  On  the  whole  it  is  safe  to  say  that 
the  wages  paid  for  fire-fighting  should  be  the  same  as  those  paid  for  work 
on  the  highways.  In  most  sections  of  Vermont  this  is  now  $1.75,  al- 
though $1.50  still  prevails  in  some  regions. 

Whether  it  is  desirable  to  require  permits  for  the  building  of  out-door 
fires,  as  in  Massachusetts  and  Connecticut,  depends  very  largely  upon  the 
local  conditions.    In  manufacturing  regions  with  a  large  foreign  popu- 
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lation  some  such  regulation  is  undoubtedly  desirable.  In  agricultural 
regions  occupied  by  native  farmers  such  restrictions  are  very  irksome 
and  are  not  warranted  by  the  number  of  fires  started  in  this  way.  It 
would  be  well  to  allow  the  voters  of  each  town  to  decide  whether  such  a 
regulation  should  be  made. 

It  is  a  question  in  Vermont  whether  in  large  lumber  operations  it  is 
preferable  to  require  the  lopping  of  all  softwood  tops  at  a  considerable 
expense  or  to  encourage  the  practice  of  certain  silvicultural  measures^  as 
the  leaving  of  clumps  of  seed  trees,  etc.  Under  present  market  condi- 
tions it  is  hardly  possible  to  expect  both,  and  I  believe  the  danger  of  fire 
in  Vermont,  at  any  rate,  is  hardly  great  enough  to  justify  the  expense 
involved  by  lopping  all  tops.  It  seems  entirely  feasible  to  have  a  law 
giving  a  land-owner,  who  believes  that  his  property  is  endangered  by  a 
neighbor's  lumbering,  the  power  to  appeal  to  the  State  forester  for  pro- 
tection, and  to  give  the  forester  the  power  upon  such  appeal  to  prescribe 
that  all  tops  be  lopped  and  possibly  burned  on  a  strip  adjoining  the 
complainant  of  such  width  as  he  might  think  necessary  for  a  proper  fire 
line. 

The  question  is  often  asked.  Which  is  more  effective — lookout  stations 
or  patrols?  While  my  experience  with  the  former  has  been  very  limited, 
I  believe  that  a  patrol  is  more  effective  in  a  locality  where  there  is  a 
known  danger  of  fire,  as  along  a  railroad  passing  through  slash,  places 
frequented  by  blueberry  pickers,  Sunday  picnickers,  etc,  and  that  look- 
out stations  are  advisable  in  regions  where  the  danger  j>oint  cannot  be 
predicted.  A  combination  of  the  two  is  often  advisable,  especially  so 
that  the  stations  may  be  supplemented  by  a  patrol  in  smoky  weather. 

Experiments  have  been  made  in  Vermont  during  the  season  of  1912 
with  wireless  telegraphy  as  a  means  of  comnuinicating  with  stations  not 
equipped  with  telephone.  Thus  far,  however,  the  advantages  seem  to  be 
with  the  telephone. 

The  Federal  appropriation  of  the  Weeks  law  for  cooperation  with  the 
various  States  in  the  prevention  of  fires  has  brought  up  a  number  of 
difficult  problems.  Among  them  the  most  interesting  is  the  definition 
of  a  "navigable  stream.^'  As  pointed  out  in  an  interesting  paper  written 
by  Mr.  Pettis  and  read  before  the  Eastern  Foresters'  Association  at  the 
meeting  held  in  New  York  in  December,  1911,  it  is  quite  possible  to 
claim  that  any  stream  is  navigable  whit^h  has  been  declared  by  a  State 
legislature  a  highway  for  logs.  It  would  perhaps  be  possible  for  Ver- 
mont to  claim  that  the  northwest  third  of  the  State,  containing  some  of 
the  best  timber  areas,  should  be  protected  under  this  law  on  the  ground 
that  the  St.  Lawrence  is  navigable,  but  since  this  is  obviously  contrary 
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to  the  spirit  of  the  law  we  have  thought  best  to  be  satisfied  with  tlie  very 
material  assistance  the  Government  has  given  us  in  protecting  the  other 
watersheds. 

The  U.  S.  Forest  Service  has  very  properly  ruled  that  moneys  received 
under  this  law  shall  be  expended  to  pay  men  employed  in  preventing 
fires  and  not  in  extinguishing  them.  This  is  making  it  possible  to  de- 
velop a  system  of  fire  prevention  which  was  impossible  in  many  of  our 
States  before  the  passage  of  the  Weeks  law.  The  question  naturally 
arises  as  to  how  long  the  $200,000  appropriated  will  last,  and  whether 
Congress  will  provide  further  funds  for  this  work.  So  long  as  the  fund 
is  handled  as  it  is  now  being  handled,  under  the  direction  of  the  present 
forest  administration,  there  need  be  no  question  of  its  resembling  the 
jx)rk-barrel  expenditures  for  rivers  and  harbors  and  Federal  buildings. 
However,  I  believe  that  after  the  Federal  Government  has  thoroughly 
demonstrated  the  effectiveness  of  such  a  system  each  State  should  assume 
its  entire  responsibility  in  the  matter  of  fire  prevention. 

It  has  been  very  difficult  to  secure  the  riglit  kind  of  men  to  carry  out 
the  work  under  the  Weeks  law,  and  it  is  practically  impossible  to  get 
men  to  work  a  few  days  at  a  time  when  dry  weather  requires  special  pro- 
tection. Since  it  is  nec^essary  to  employ  men  for  some  weeks  at  a  time,  it 
has  seemed  best  in  Vermont  to  secure  men  of  some  forestry  knowledge 
who  could  be  employed  during  wet  spells  in  some  work  acceptable  to  the 
U.  S.  Forest  Service  or  in  strictly  State  work,  the  pay  being  adjusted 
according  to  the  number  of  days  spent  on  the  various  lines  of  work. 
The  difficulty  in  finding  such  men  has  emphasized  the  failure  of  our 
educational  institutions  to  provide  a  training  for  the  ranger  type  of 
man,  who  is  willing  to  begin  at  $2  a  day.  Wliile  it  is  easy  during  the 
summer  to  secure  any  number  of  students  of  agricultural  schools  who 
have  taken  courses  in  forestry,  those  same  men  upon  graduation  can 
secnre  better  agricultural  than  forestry  positions.  We  have  found  that 
practically  the  only  men  with  any  forestry  training  available  at  this  pay 
in  the  spring  and  fall  are  graduates  of  the  Biltmore  Forest  School. 

These  patrolmen  are  employed  during  weather  when  there  is  no  fire 
danger  in  mapping  their  districts  (only  about  one-third  of  Vermont  has 
been  mapped  by  the  Geological  Survey),  locating  the  important  features 
of  topography,  roads,  trails,  telephone  instruments,  mills,  and  other 
points  where  men  are  available  and  where  there  is  special  danger  of  fire. 
After  the  completion  of  maps  suitable  for  patrolmen  or  lookout  watch- 
men their  time  is  employed  in  locating  and  constructing  trails.  The 
Green  Mountain  Club  is  much  interested  in  this  work  and,  together  with 
some  of  the  timber-owners,  is  furnishing  men  in  some  localities  to  com- 
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plete  the  trails  located  by  the  patrolmen.  These  trails  are  laid  out  with 
an  Abney  level  on  a  maximum  grade  of  15  per  cent. 

(b)  Protection  from  insects. — As  already  intimated,  the  question  is 
bound  to  arise  in  many  States  as  to  what  jxilicy  shall  be  pursued  in  the 
war  upon  insects,  what  department  of  the  State  government  the  work 
shall  come  under,  how  it  shall  be  organized,  etc.  There  can  be  no  ques- 
tion but  that  this  work  should  be  under  a  trained  economic  entomologist. 
Whether  this  official  should  be  under  the  forest  department  or  the  agri- 
cultural department  of  the  State  government  or  entirely  independent  of 
either  may  be  a  subject  for  argument.  The  nature  of  the  work  requires 
that  as  insect  pests  multiply  a  considerable  force  of  men  be  steadily  em- 
ployed for  a  number  of  months,  if  not  the  full  year.  In  other  w^ords,  the 
insect  work  offers  more  steady  remunerative  labor  than  any  other  lines 
of  work  of  a  State  agricultural  or  forestry  branch.  This  means  that 
unless  great  care  is  used  a  political  machine  will  result  which  will  be  the 
envy  of  the  party  out  of  power,  and  may  as  well  prove  an  embarrassment 
to  a  non-political  official  as  an  asset  to  a  politician.  Of  course,  it  is  not 
necessary  for  the  entomological  work  to  be  confounded  with  politics,  but 
there  seems  to  be  a  danger  in  that  direction.  As  tlie  insect  work  in- 
creases a  greater  and  greater  appropriation  must  be  secured  for  it, 
regardless  of  other  lines  of  work.  This  must  result  in  the  relegating  of 
the  educational  work,  either  of  the  agricultural  or  forestry  branch,  to  a 
position  of  secondary  importance,  which,  to  say  the  least,  is  unfortunate. 
If  the  insect  work  were  under  a  department  by  itself  the  growing  de- 
mands would  be  less  apt  to  encroach  upon  the  needs  of  forestry  and 
agriculture  proper.  Certain  kinds  of  insects,  as  the  San  Jose  scale, 
which  attack  primarily  agricultural  crops,  seem  naturally  to  connect  the 
entomological  work  with  the  agricultural  branch ;  but  most  of  the  worst 
insects  thus  far  common  liave  been  forest  rather  than  farm  pests.  It 
does  not,  however,  seem  logical  to  divide  the  insect  work  between  two  or 
more  branches;  neither  is  there  any  appreciable  economy  in  placing  it 
under  a  branch  already  established.  A  capable  entomologist  must  be 
employed  in  either  case,  and  a  corps  of  assistants,  and  the  office  work  will 
be  increased  proportionally  to  the  field  work.  On  the  whole  it  seems 
best  both  for  agriculture  and  forestry  and  for  the  efficient  suppression 
of  insects  that  this  work  be  under  a  State  entomologist  independent  of 
either  of  these  branches.  Preferably  he  should  hold  his  appointment 
from  a  non-political  body  as  the  experiment  station  or  a  commission.  If 
some  non-political  commission  could  appoint  the  State  forester,  the 
commissioner  of  agriculture,  and  the  State  entomologist  all  on  an  equal 
footing  it  would  perhaps  be  the  best  arrangement. 

The  suppression  of  fungus  and  other  plant  diseases  hardly  demands 
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the  formation  of  a  separate  branch  of  the  Government.  The  work  is 
still  in  the  experimental  stage  and  very  properly  comes  under  the  agri- 
cultural experiment  stations.  After  eifective  methods  have  been  devel- 
oped the  administrative  work  may  be  divided  between  the  agricultural 
and  forestry  branch  of  the  State  government  without  resulting  in  any 
such  confusion  as  joint  entomological  work  might  produce. 

(c)  Protection  from  animals. — Whatever  scientific  methods  are 
adopted  for  the  suppression  of  insects  or  fungous  diseases  the  popular 
method  of  combating  injurious  animals  will  probably  be  through  State 
bounty.  The  last  legislature  of  Vermont  reenacted  a  bounty  of  30  cents 
a  head  on  hedgehogs,  or  porcupines,  because  of  the  damage  they  do  to 
standing  trees,  and  $10  a  head  on  black  bears.  It  is  certainly  very  doubt- 
ful whether  porcupines  do  as  much  damage  to  the  State  as  woodchucks  or 
rats  and  mice,  or  whether  the  damage  done  by  them  greatly  exceeds  that 
done  by  the  bounty-seekers  through  careless  fires.  The  few  black  bears  in 
Vermont  probably  do  not  do  as  much  damage  to  property  as  would  be 
brought  into  the  State  by  sportsmen  if  the  bears  were  kept  for  sporting 
purposes.  However,  views  of  this  kind  are  heresy  of  the  worst  sort  to 
advocate  before  a  legislature,  and  the  question  is,  What  is  the  most  eco- 
nomical manner  of  killing  out  pests  like  the  porcupine?  Probably  no 
system  of  trained  hunters  under  the  State  forester^s  office  would  accom- 
plish the  work  as  cheaply  as  under  the  bounty  system,  and  certainly  not 
as  satisfactorilv  to  the  local  inhabitants  who  want  their  share  of  the 
spoils.  Theoretically  it  seems  that  each  forest  owner  should  be  respon- 
sible for  killing  off  his  own  porcupines  just  as  each  farmer  kills  the  wood- 
chucks  in  his  fields.  The  large  timber-owners  cannot  be  relied  upon  to 
do  this  any  more  than  they  could  to  check  the  ravages  of  insects.  In 
other  words,  while  they  are  interested  in  the  State's  assuming  the  re- 
sponsibility they  do  not  believe  it  wortli  while  for  them  to  do  it  indi- 
vidually. The  taxing  the  people  of  a  whole  State  for  local  work  of  this 
kind  hardly  seems  justified.  If  protection  from  animals  is  to  be  a  public 
function  the  burden  should  at  least  fall  heaviest  upon  those  that  are 
benefited.  If  it  is  impracticable  to  tax  each  land-owner  for  his  propor- 
tionate share  it  is  at  least  feasible  that  the  local  government  or  township 
bear  a  portion  of  the  expenses  just  as  for  fighting  forest  fires.  The 
bounties  paid  by  A^ermont  on  porcupines  amount  to  several  hundred  dol- 
lars in  some  single  townships.  These  towns  might  be  obliged  either  to 
bear  one-half  of  this  expense  or,  as  in  the  case  of  forest  fires,  to  bear  the 
whole  expense  up  to  a  certain  per  cent  of  the  grand  list.  Five  per  cent 
of  the  grand  list,  which  in  some  towns  would  not  amount  to  over  $50, 
might  well  be  the  maximum  required  of  any  town  for  this  purpose,  just 
as  it  is  in  Vermont  for  fire  prevention. 


A  SYNOPSIS  OP  THE  RED  FIBS 

BY  WILLIAM  H.  LAMB 
(Oontributed) 

The  red  firs,  distinguiBhed  by  their  large  conee  and  crowded,  quadran- 
gular foliage,  include  noble  fir  (Abies  nobUis  Lindl.),  red  fir  (Abies 
magnifica  Murr.),  and  Shasta  fir  (Abies  shastensis  Ijem.). 

Many  excellent  descriptions  of  the  red  firs*  are  available,  but  full 
descriptions  do  not  emphasize  distinguishing  characteristics,  and  the 
red  firs  do  not  seem  to  be  clearly  understood  by  all  foresters.  In  conse- 
quence, much  confusion  exists  on  some  of  the  National  Forests  of  Cali- 
fornia and  Oregon  as  to  the  distribution  of  these  species,  especially  in 
the  region  of  the  Klamath  Forest,  where  noble  fir  of  the  north  is  asso- 
ciated with  red  fir  and  Shasta  fir  of  the  south. 

The  factors  which  are  of  diagnostic  value  in  distinguishing  Abies 
nobilis,  Abies  magnifica,  and  Abies  shastensis  are: 

1.  The  presence  or  absence  of  a  longitudinal  groove  on  the  upper  sur- 
face of  the  leaf. 

2.  The  relative  length  of  the  cone-scale  and  the  cone-bract. 

3.  The  shape  of  the  cone-bract. 

The  presence  of  a  longitudinal  groove  in  the  upper  surface  of  the  leafy 
shown  in  cross-section  by  fig.  5,  is  of  great  importance  in  distinguish- 
ing noble  fir.  As  the  leaves  of  both  red  fir  and  Shasta  fir  are  not 
grooved  on  the  upper  surface  (fig.  6),  recognition  of  this  distinguishing 
characteristic  enables  the  observer  to  detect  noble  fir,  even  when  the 
cones  are  not  available. 

The  relative  length  of  the  cone-scale  and  the  cone-bract  is  an  impor- 
tant consideration.  The  cone-bracts  of  Abies  nobilis  are  never  shorter 
than  tlie  cone-scales,  and  those  of  Abies  magnifica  are  never  as  long  as 
the  cone-scales,  but  the  variation  in  the  relative  lengths  of  the  cone- 
scale  and  the  cone-bract  of  Abies  shastensis  is  one  of  the  chief  causes  of 
our  incomplete  knowledge  of  its  distribution.  When  the  cone-bracts 
are  prominent  and  almost  cover  the  surface  of  the  cone  (fig.  7),  it  is 

*  Britton  :  North  American  Trees ;  Enoelmann  :  Trans.  Acad.  Scl.,  St. 
Louis,  vol.  Ill ;  Enoelmann,  in  Brewer  &  Watson :  Botany  of  CaHf.,  vol.  II ; 
Jepson  :  Silva  of  Calif. ;  Masters  :  Joum.  Linn.  Soc,  April,  1886 ;  Sargent  : 
Manual  of  Trees  of  N.  A. ;  Silva,  vol.  12. 
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:  I.— avNoi'sis  ok  hrd  firs,  bv  wm.  h.  laub 

["one  Scalic  and  Bract   (X    1  1/5) 

Fio.   1. — Ablei  fhanttHiiii 

Fia.  S.— Ahlea  nobfffi 

Fiu.  3. — Ablei  magnlffca 
L'OSC  SCALK   WITH   Abortivk   BbacT    (  X    1    1/5) 

F[0.  4. — AMtit  fkaalciifit 

[tlACHAMllATrC    CitOKII-SECTION    OV    I.I-^Ar    (X     6) 

Fig.  5.—Abtei  ttoblll* 

Fia.  a. — Able*  magalllia  and  »ftn»fen«(» 
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often  reported  as  noble  fir,  and  when  the  bracts  are  abortive  and  scarcely 
protrude  (fig.  4),  it  is  probably  reported  as  red  fir,  extending  the  range 
of  both  noble  fir  and  red  fir  at  the  expense  of  Shasta  fir. 

The  conspicuous  characters  by  which  the  red  firs  may  be  most  con- 
veniently recognized  are  set  forth  in  the  following  key : 

Bracts  protruding  (longer  than  cone-scales) 

T^eaves  grooved  on  uppt^r  surface 1.     Abies  nob t lis 

Leaves  not  grooved  on  upper  surface 2.     Abies  shastensis 

Bracts  included  (shorter  than  cone-scales) 

Ijcaves  not  grooved  on  upper  surface 3.     Abies  magnifica 

The  shape  of  the  cone-bract  has  not  been  sufficiently  emphasized  as  a 
distinguishing  characteristic.  The  cone-bracts  of  noble  fir  (fig.  2)  have 
larger  and  stouter  points  than  those  of  Shasta  fir  (fig.  1),  but  in  this 
case  it  is  safer  to  distinguish  these  two  species  by  the  foliage  distinction, 
which  is  positive  and  conspicuous.  However,  in  the  case  of  red  fir  and 
Shasta  fir,  where  apparently  there  is  no  foliage  distinction,  the  shape  of 
the  cone-bract  becomes  a  very  important  consideration.  The  impression 
exists  that  the  protrusion  of  the  cone-bract  is  the  character  upon  which 
Abies  shastensis  must  be  maintained  as  a  species,  but  it  is  not  the  pro- 
trusion of  the  cone-bract,  but  its  form,  that  should  give  to  Shasta  fir 
its  specific  rank.  The  cone-bracts  of  Abies  magnifica,  although  slightly 
constricted  at  the  base  (fig.  3),  are  not  enlarged,  but  acute  at  the  apex, 
while  the  bracts  of  Abies  nobilis  and  Abies  shastensis  are  enlarged  at 
the  apex.  With  regard  to  the  protrusion  of  the  cone-bract,  forms  may 
be  found  which  approach  Abies  magnifica.  These  intermediate  forms 
(fig.  4),  however,  are  probably  produced  by  the  abortion  of  the  cone- 
bracts  of  Abies  shastensis,  and  not  by  the  lengthening  of  the  cone-bracts 
of  Abies  magnifica.  With  regard  to  the  shape  of  the  cone-bracts,  no 
intermediate  forms  have  been  observed  by  the  writer. 

The  characters  set  forth  in  the  following  key,  although  not  so  con- 
spicuous, are  less  variant,  and  will  be  found  very  useful  in  the  identifi- 
cation of  the  red  firs: 

Leaves  grooved  on  upper  surface  (fig.  5) 

Cone-bracts  enlarged  at  apex  (fig.  2) 1.     Abies  nobilis 

Leaves  not  grooved  on  upper  surface  (fig.  6) 

Cone-bracts  enlarged  at  apex  (fig.  1) 2.     Abies  shastensis 

Cone-bracts  acute  at  apex  (fig.  3) 3.     Abi^s  magnifica 

1.  Abies  nobilis  Lindley.  Xoble  Fir.  A  tree  attaining  a  height  of 
90  meters  and  a  diameter  of  3  meters.    Leaves  grooved  on  upper  sur- 


186         PROCEEDINGS  OF  THE  SOCIETY  OP  AMERICAN  FORESTERS 

face;  on  lower  branches  2  to  3.5  cm.  long,  flattened,  rounded,  and 
notched  at  apex ;  on  upper  branches  1  to  2  cm.  long,  thickened,  4-8ided, 
erect,  incurved,  crowded,  acute  at  apex.  Cones  10  to  16  cm.  long,  pur- 
ple or  brown,  puberulous,  with  excerted,  refiexed,  long  mucronate,  fim- 
briate bracts. 

2.  Abies  shastensis  Lemmon.  Shasta  Fir.  A  tree  reaching  a  height 
of  60  meters  and  a  diameter  of  1.2  meters.  Leaves  2  to  4  cm.  long,  not 
grooved  on  upper  surface;  on  lower  branches  flattened,  rounded,  or 
bluntly  pointed  at  apex;  on  upper  branches  much  thickened,  4-Bided, 
erect,  incurved,  crowded,  acute  at  apex.  Cones  13  to  15  cm.  long,  pur- 
ple or  yellowish  brown,  puberulous,  with  slightly  excerted  or  conspic- 
uously excerted  and  reflexed,  spatulate,  short  mucronate,  laciniate  bracts. 

3.  Abies  magnifica  Murray.  Bed  Fir.  A  tree  reaching  a  height  of 
90  meters  and  a  diameter  of  3  to  5  meters.  Leaves  2  to  4  cm.  long,  not 
grooved  on  upper  surface;  on  lower  branches  flattened,  rounded  and 
bluntly  pointed  at  apex;  on  upper  branches  much  thickened,  4-8ided, 
erect,  incurved,  crowded,  acute  at  apex.  Cones  15  to  25  cm.  long, 
puberulous,  dark  purplish  brown,  with  included  bracts  which  are  con- 
stricted at  the  base,  slightly  serrulate  above  the  middle,  acute  and  short 
mucronate  at  apex. 


NATUBAL  VEBSUS  AETIFICIAL  REGENERATION   IN  THE 
DOUGLAS  FIR  REGION  OF  THE  PACIFIC  COAST 

BY  THORNTON  T.  liUNGEB 
(Contributed) 

The  comparative  merits  of  artificial  and  of  natural  reforestation  have 
long  been  a  topic  for  discussion  among  foresters,  and  in  any  forest  region 
may  be  found  adherents  of  each  side  of  this  question.  There  are  a  num- 
ber of  general  principles  which  must  be  taken  into  consideration  in  de- 
ciding whether  a  certain  species  which  might  be  managed  by  either 
method  should  be  managed  by  one  or  the  other.  In  most  forest  types 
careful  balancing  of  these  factors  will  indicate  clearly  which  of  the  two 
methods  is  preferable.  Chief  among  them — and  they  are  too  well  known 
to  need  more  than  mention — are  the  natural  reproductive  vigor  of  the 
species,  its  ease  of  establishment  by  artificial  means,  the  surety  with 
which  it  will  become  established  from  seed  trees,  the  value  per  acre  of 
the  seed  trees  that  must  be  left. 

In  tlie  Douglas  fir  region  of  the  Pacific  Coast — that  is,  the  region  west 
of  the  Cascade  Mountains  in  Oregon,  Washington,  and  British  Colum- 
bia— there  are  many  other  factors  which  come  into  play  and  which 
greatly  complicate  the  problem.  In  this  region  growth  is  so  enormously 
rapid,  the  virgin  timber  is  so  large,  the  stand  is  so  heavy,  and  logging 
methods  are  so  unique  that  this  question  in  this  region  has  many  puz- 
zling features.  It  is,  moreover,  a  problem  which  is  rapidly  coming  to 
the  front  and  should  be  solved. 

In  Mr.  Kirkland's  and  in  Mr.  Greeley's  very  able  articles  in  recent 
numbers  of  the  Proceedings  *  artificial  reforestation  is  accepted  as  the 
better  technical  method  to  use  in  this  region,  but  there  are  many  sides 
to  the  question,  and  I  desire  to  bring  out  some  of  the  considerations 
which  point  to  the  desirability  of  natural  regeneration. 

A  brief  r&ume  of  the  character  of  the  forests  of  this  region  and  of  the 
silvical  characteristics  of  Douglas  fir  may  perhaps  be  of  interest  here  to 
those  who  are  not  personally  familiar  with  the  Pacific  Northwest. 

Douglas  fir,  in  the  region  under  discussion,  is  a  tree  which  will  do  well 
under  a  great  variety  of  conditions.     It  thrives  almost  equally  well  at 

•  Proceedings  of  the  Society  of  American  Foresters,  vol.  VI,  pt.  1,  pp.  32-36, 
and  vol.  VII,  pt  1,  pp.  48-50,  respectively. 
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sea  level  and  at  3,000  feet  in  the  Cascades,  though  its  rate  of  growth  is 
closely  connected  with  the  humidity  and  the  length  of  the  growing  sea- 
son. It  endures  sandy,  clayey,  and  rocky  soil,  reaching  its  optimum 
development  only  on  deep  porous  soils.  It  grows  well  on  hot  south 
slopes,  in  cool  ravines,  or  bleak  situations.  In  fact  it  is  not  a  fastidious 
tree  and  does  not  require  coddling  in  the  hands  of  the  forester. 

There  are  but  few  sources  of  injury  to  which  this  tree  is  subject,  and 
none  of  them  are  particularly  serious  in  normal  stands  previous  to  ma- 
turity. Old  trees  are  apt  to  be  affected  with  "conk"  or  "pipe  rot"  or 
"white-pitted  rot"  (Trameies  pini),  and  this  causes  many  of  them  to  be 
broken  oflE  or  disfigured  by  the  wind ;  but  this  injury  is  not  common  in 
immature  trees  and  is  in  fact  rarely  found  in  trees  up  to  the  time  they 
are  100  years  old. 

Douglas  fir  is  on  the  whole  a  wind-firm  species,  as  the  thousands  of 
solitary  "cull  trees"  still  standing  on  the  lands  logged  over  in  the  past 
30  years  in  western  Oregon  and  Washington  testify.  Its  great  height 
and  the  moist  loose  soils  on  which  it  frequently  grows,  however,  subject 
it  to  severe  tests,  to  which  it  gives  way  at  times,  and  this  has  given  rise 
to  the  opinion  occasionally  advanced  that  isolated  trees  are  not  wind- 
firm. 

Fires  in  Douglas  fir  forests  are  apt  to  become  crown  fires,  and  as  such 
are  extremely  destructive,  but  fire  is  not  apt  to  run  in  Douglas  fir  forests 
unless  the  surface  has  become  exceptionally  dry  and  the  climatic  condi- 
tions are  exactly  favorable.  Surface  fires  do  a  relatively  small  amount 
of  damage  to  Douglas  fir,  since  the  bark  is  thick  and  corky,  the  roots  are 
well  imbedded  in  mineral  soil,  and  the  crown  does  not  extend  to  the 
lower  part  of  the  tree. 

It  is,  however,  particular  as  to  its  supply  of  light;  reproduction  will 
start,  but  will  not  survive  in  the  shade  of  the  normal  virgin  forest,  and 
though  this  tree  is  able,  in  western  Washington  and  Oregon,  to  form 
extremely  dense  stands,  those  members  of  the  stand  which  do  not  get  a 
liberal  supply  of  top  light  quickly  die.  Douglas  fir  seems  never  to  suffer 
from  too  much  light,  and  trees  which  grow  singly  or  which  have  been 
isolated  by  the  removal  of  their  neighbors  are  particularly  thrifty. 

The  reproductive  characteristics  of  Douglas  fir  are  one  of  its  great 
assets  from  a  forester^s  standpoint.  It  produces  a  good  quantity  of  seed 
every  two  or  three  years,  and  while  hardly  as  profuse  a  seed  producer  as 
lodgepole  pine,  for  example,  it  ranks  well  in  this  regard.  Its  seed  is 
light,  and  owing  to  the  great  height  of  the  trees  is  wind-disseminated  to 
a  great  distance.  It  is,  moreover,  scattered  through  a  period  lasting 
several  months. 
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While  it  seems  to  be  extremely  advantageous  for  the  seed  to  have 
mineral  soil  upon  which  to  germinate,  this  is  not  absolutely  essential. 
The  seedlings  grow  two  or  three  inches  the  first  year  and  three  or  four 
more  tjie  second,  and  by  eight  years  of  age  they  are  as  many  feet  high. 
The  lipcuriant  growth  of  bushes  and  herbage  which  usually  spring  up 
on  bums  in  this  region  is  a  serious  enemy  of  Douglas  fir  reproduction, 
but  except  when  the  brush  is  extremely  rank,  as  it  is  after  repeated  sur- 
face fires,  the  young  trees  usually  conquer  it  in  half  a  dozen  years. 

The  commercial  forests  of  western  Washington  and  Oregon,  up  to  an 
elevation  of  2,500  to  3,500  feet,  consist  to  a  large  degree  of  a  stand  of 
Douglas  fir,  in  which  there  is  usually  a  small  admixture  of  western  hem- 
lock, western  red  cedar,  grand  fir,  and  occasional  other  species.  This 
stand  is  ordinarily  fairly  even  aged,  very  dense,  and  consists  of  large 
trees  of  fairly  uniform  size.  The  majority  of  the  virgin  stands  average 
from  50,000  to  150,000  feet  B.  M.  per  acre,  and  are  composed  of  trees 
which  are  from  3  to  6  feet  in  diameter  and  over  200  feet  high.  The 
stands  are,  therefore,  under  normal  conditions  extremely  dense  and  the 
vigor  of  the  trees  and  the.  accompanying  undergrowth  of  shrubs  and 
ferns  is  tropical  in  its  luxuriance.  When  a  forest  of  this  species  comes 
to  maturity  and  begins  to  decline,  usually  at  an  age  of  300  to  350  years, 
the  veteran  trees  one  by  one  fall  a  prey  to  fungi  or  accidents,  and  the 
stand  very  gradually  becomes  less  and  less  dense  and  takes  on  the  ap- 
pearance of  an  over-mature,  disintegrating  forest.  But  since  Douglas 
fir  is  a  tree  which  reaches  its  best  development  only  in  even-aged  pure 
stands,  is  but  intermediate  in  tolerancec,  and  does  not  reproduce  suc- 
cessfully under  the  shade  of  the  mature  timber,  an  undergrowth  of 
Douglas  fir  does  not  spring  up  to  take  the  place  of  the  original  stand, 
for  there  is  not  sufficient  light,  but  instead  an  undergrowth  of  western 
hemlock,  grand  and  amabilis  fir  and  western  red  cedar  (all  tolerant 
species),  which  have  seeded  in  from  the  occasional  old  trees  of  these 
species  and  which  are  almost  always  found  in  mixture  with  the  Douglas 
fir,  occupies  the  ground  and  rapidly  pushes  up  under  the  half  shade  of 
the  veteran  Douglas  firs.  The  result  of  this  process  is  the  replacement 
of  the  pure  even-aged  Douglas  fir  stand  by  a  somewhat  uneven-aged  and 
irregular  forest  of  inferior  species.  It  is  very  clear  that  on  many  thou- 
sands of  acres  in  western  Washington  just  this  transformation  of  the 
forest  t3rpe  has  taken  place.  That  this  process  has  not  effected  the  con- 
version of  all  the  forest  lands  of  this  region  from  pure  Douglas  fir 
(clearly  a  temporary  type)  to  the  mixed  forest  of  tolerant  species,  hem- 
lock, cedar,  and  grand  fir  (the  ultimate  type),  is  due  to  the  intervention 
of  forest  fires,  which  have  undoubtedly  run  over  these  mountains  for 
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centuries.  Where  fire  has  cleared  off  a  tract  of  virgin  timber,  Douglas 
fir  has  its  opportunity  to  reproduce  itself^  and  unless  the  bum  is  too 
remote  from  a  source  of  seed  it  is  usually  very  successfully  restocked 
with  a  dense  stand  of  Douglas  fir  seedlings.  It  may  be  said,  therefore, 
that  the  pure  stands  of  Douglas  fir  are  found  where  forest  fires  have 
cleared  off  the  former  forest  generation  and  assisted  Douglas  fir  to  re- 
establish itself,  and  that  where  fires  have  not  run  in  the  past  few  cen- 
turies the  virgin  forest  has  degenerated  into  an  uneven-aged  stand  of 
tolerant  species. 

Douglas  fir  forests  are  logged  almost  wholly  by  the  use  of  steam  don- 
keys, in  connection  with  logging  railroads.  In  spite  of  the  fact  that 
there  is  a  great  deal  of  timber  per  acre  the  cost  of  logging  in  this  type 
is  ordinarily  high.  With  timber  of  the  height  and  density  of  the  Pacific 
Coast  fir  and  with  the  use  of  donkeys,  the  only  practicable  method  in 
cutting  is  the  clean-cutting  method.  This  is  exactly  the  method  which 
the  silvical  conditions  dictate,  for  practically  all  of  the  trees  in  the 
stand  are  of  merchantable  size;  there  is  no  young  growth  to  save,  and 
an  even-aged  stand  of  pure  Douglas  fir  is  desired. 

After  the  logs  are  yarded  out,  the  tops,  cull  lengths,  and  brush  lie 
heavy  on  the  ground,  often  uniformly  4  or  5  feet  deep,  so  that  broadcast 
burning  is  the  only  practicable  method  of  disposing  of  this  debris.  This 
is  done  in  the  fall  or  spring  at  such  a  time  that  the  surrounding  green 
woods  may  not  be  «idangered,  and  yet  at  a  season  when  the  brush  will 
bum  up  as  cleanly  as  possible.  This  practice  is  essential  both  in  order 
to  remove  the  menace  of  the  unbumed  slash  and  to  expose  the  mineral 
soil  for  the  reception  of  seed  or  young  trees.  Broadcast  burning  is 
necessary,  whether  the  second  crop  is  to  be  secured  by  natural  or  artificial 
means. 

Now  we  come  to  the  particular  topic  of  this  article.  Shall  the  forest  be 
reproduced  by  natural  or  by  artificial  methods?  Let  us  consider  first 
what  are  the  steps  by  the  latter  method.  The  forest  is  first  cut  off  abso- 
lutely clean  down  to  as  low  a  diameter  as  the  trees  are  merchantable, 
and  the  few  small  trees  which  cannot  be  utilized  are  usually  broken  off 
by  the  falling  of  their  larger  neighbors,  so  that  the  area  is  left  very 
bare.  The  brush  then  having  been  burned  broadcast,  the  area  is  ready 
to  be  artificially  restocked.  This  may  be  done  in  either  of  three  ways: 
by  planting,  by  sowing  seed  in  prepared  spots,  or  by  sowing  broadcast. 
Planting  can  be  done  in  the  most  favorably  situated  localities  in  such 
a  way  as  to  be  successful  for  $9  per  acre,  but  the  cost  will  be  greater 
when  the  transportation  charges  for  plants  and  labor  are  high.  The 
cost  per  acre  on  an  average  accessible  tract  in  this  locality  will  be  about 
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as  follows,  assuming  that  888  trees  are  planted  per  acre — i.  e.,  that  they 
are  spaced  7  feet  by  7  feet : 

Cost  of  1—1  transplants  per  acre $3 .  50 

Cost  of  transporting  trees  to  planting  site  per  acre 75 

Cost  of  setting  out  the  plants  per  acre 6 .  00 

Total  per  acre $10.25 

The  practicability  of  planting  is,  of  course,  contingent  upon  the  possi- 
bility of  securing  plants.  For  large  operators  or  for  the  Forest  Service, 
which  raises  its  own  trees,  the  cost  of  the  trees  is  lower  than  it  would  bo 
for  the  small  operator  who  has  but  a  small  tract  to  reforest  each  year 
and  must  buy  his  planting  stock  of  a  commercial  nursery,  and  must  run 
the  risk  of  not  being  able  to  get  any  locally  grown  nursery  stock  when  he 
wants  it. 

The  experiments  so  far  conducted  indicate  that  broadcast  sowing  of 
Douglas  fir  is  not  to  be  advised  for  this  region,  even  though  it  has  the 
advantage  of  a  very  low  labor  cost.  At  times  this  method  gives  results, 
but  it  seems  to  be  uncertain,  and  the  large  quantity  of  seed  nec'essary  to 
get  a  stand  of  seedlings  more  than  offsets  the  low  cost  of  labor  when 
compared  with  the  seed-spot  method.  It  is,  therefore,  not  a  method 
which  commends  itself  for  use  in  this  locality  so  long  as  there  are  other 
better  means  of  starting  a  second  crop. 

Sowing  the  seed  in  prepared  spots  will  from  present  evidences  be  suc- 
cessful in  favorable  situations  in  favorable  years.  Seed  planted  in  this 
way  is  in  a  much  better  position  to  compete  successfully  with  rank  brush 
and  herbage  than  broadcasted  seed.  It  is  not  as  costly  a  method  as 
planting  and  compares  favorably  in  expense  with  broadcasting.  The  cost 
per  acre  of  sowing  in  seed  spots  will  be  about  as  follows : 

Cost  of  half  pound  of  seed  (15,000  vital  seeds) $0. 75 

Cost  of  sowing  seed  in  seed  spots  (1,^10  spots  per  acre) 3.50 

Total  per  acre $4.25 

Now,  let  us  consider  what  are  the  operations  if  the  area  is  to  be  re- 
generated naturally.  The  first  steps  will  be  very  similar  except  that 
instead  of  cutting  the  area  absolutely  clean  seed  trees  will  be  reserved, 
and  when  the  area  is  burned  over  broadcast,  precautions  are  necessary 
to  see  that  the  fire  does  not  burn  too  fiercely  about  them. 

There  are  two  possible  ways  of  leaving  the  seed  trees — in  groups  and 
singly.  If  the  seed  trees  should  be  left  in  groups  it  would  be  necessary 
that  the  groups  be  at  least  an  acre  in  size  in  order  that  the  trees  may 
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^ve  each  other  much  mutual  support.  If  the  groups  were  700  feet  be- 
tween centers — ^the  maximum  possible  for  seeding  successfully — ^9  per 
cent  of  the  logging  area  would  be  reserved;  this  would  greatly  raise  the 
logging  cost,  possibly  to  a  prohibitive  figure,  and  yet  the  groups  could 
not  be  profitably  logged  by  themselves  at  a  future  time  with  the  expen- 
sive method  of  logging  necessary  in  this  large  timber.  The  group  seed- 
tree  method  may  be  dismissed,  therefore,  as  impracticable  except  in 
instances  where  patches  of  trees  are  left  on  ridges,  at  the  head  of  gulches, 
and  in  out-of-the-way  corners  where  it  is  inconvenient  to  log  them  out. 
In  such  exceptional  instances  natural  reproduction  would  be  secured 
from  these  uncut  patches,  but  such  groups  would  be  left  not  so  much 
intentionally  as  a  practicall  silvicultural  measure  as  a  requirement  of 
the  topography.  Ordinarily,  therefore,  the  seed  trees  will  be  left  singly. 
How  many  and  what  kind  of  seed  trees  should  be  left  ?  In  the  first 
place  they  must  be  large  trees,  that  will  not  be  broken  down  by  the  falling 
of  their  neighbors;  they  must  be  potential  seed-bearers,  and  they  must 
be  sound  and  healthy  enough  to  stand  up  and  survive  until  the  regenera- 
tion of  the  area  is  assured.  Judging  by  the  amount  of  seed  produced 
per  tree  and  by  the  distance  that  seed  trees  can  be  counted  upon  to  dis- 
seminate their  seed,  and  from  a  study  of  existing  areas  of  reproduction, 
it  seemSi  safe  to  say  that  on  the  average  one  good  seed  tree  for  each  two 
acres  is  enough.  The  amount  of  seed  per  tree  rather  than  the  distance 
of  dissemination  is  probably  the  controlling  factor  of  the  frequency  of 
seed  trees.  A  sound  seed  tree  to  meet/  the  requirements  enumerated 
above  in  the  stand  of  average  size  would  have  to  be  about  45  inches  in 
diameter — t.  e,,  with  a  volume  of  about  4,000  board  feet.  It  is  highly 
improbable  that  seed  trees  left  in  this  way  would  be  usable  by  the  end 
of  the  next  rotation,  and  the  methods  of  logging  are  such  that  they 
could  not  be  taken  out  singly  after  they  had  seeded  up  the  area.  They, 
therefore,  must  be  considered  a  total  loss  and  their  whole  commercial 
value  be  charged  up  against  the  cost  of  reforestation.  Such  a  tree  at 
current  stumpage  prices,  $2  per  M  feet,  would  be  worth  $8,  or  on  an 
acreage  basis  the  seed  trees  would  represent  an  investment  of  $4  per 
acre.  But,  and  this  is  a  very  important  consideration,  it  is  not  essential 
or  at  all  advisable  that  sound  4,000-foot  trees,  worth  $2  per  M,  should 
be  left  for  seed.  There  are  in  almost  every  stand  a  certain  number  of 
injured  or  somewhat  defective  trees,  such  as  '^school-marms,^'  broken  or 
bushy-topped  trees,  wind-shaken  or  lightning-cracked  trees,  and  "conk/* 
trees,  which  have  good  crowns  and  are  constitutionally  sound,  but  of 
inferior  value  to  the  lumberman.  Such  trees  are  commonly  taken  by 
the  logger  in  western  Washington  and  Oregon  because  all  the  timber  is 
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purchased  with  the  land^  and  the  careful  timberman  desires  to  take  every 
tree  that  is  his  that  will  yield  him  any  profit  at  all.  Probably  if  careful 
account  were  kept  of  these  semi-defective  trees  it  would  be  found  that 
many  of  them  do  not  yield  enough  merchantable  material  to  pay  for 
their  logging.  When  the  logger  is  paying  stumpage^  therefore,  as  he . 
does  in  sales  of  National  Forest  timber,  he  would  prefer  to  be  relieved 
from  handling  this  class  of  trees.  The  stumpage  value  of  this  class  of 
seed  tree,  therefore,  cannot  be  rated  as  over  half  that  of  sound  trees,  thus 
reducing  the  cost  of  the  seed  trees  from  $2  to  $1  per  M — i.  e.,  from  $4 
to  $2  per  acre.  Over  a  large  proportion  of  the  Douglas  fir  land  now 
being  logged  there  are  plenty  of  just  such  trees  which  are  entirely  suit- 
able for  seed.  On  thousands  of  acres  in  western  Washington  and  Oregon 
this  class  of  defective  tree  is  being  left  by  the  loggers  in  their  operations 
because  they  do  not  find  them  profitable  to  handle,  and  were  a  little  care 
given  to  prevent  these  trees  from  being  stripped  of  branches  and  smashed 
in  the  falling  of  their  neighbors  or  killed  when  the  slash  was  burned, 
they  would  successfully  reseed  many  of  the  old  cuttings.  As  it  is,  many 
fine  stands  of  reproduction  on  cut-over  lands  have  originated  from  just 
such  cull  trees.  The  volume  of  the  seed  tree  is  only  a  small  proportion, 
perhaps  3  per  cent,  of  the  volume  of  the  timber  that  is  logged.  The 
cost  of  logging,  therefore,  is  not  appreciably  increased,  and  is  safely  esti- 
mated to  be  not  over  $1.60  per  acre  (3  per  cent  of  the  fixed  charges  of 
logging  an  acre).  In  burning  the  slashing  some  pains  must  be  taken  to 
move  the  debris  back  from  the  seed  trees  and  back-fire  about  them.  This 
will  increase  the  cost  of  the  disposal  of  the  brush  perhaps  75  cents  per 
acre  over  what  it  would  be  if  the  area  were  to  be  artificially  restocked. 
A  fair  estimate,  therefore,  of  the  cost  of  the  single-seed-tree  method 
of  securing  reproduction  in  Douglas  fir  logging  is  as  follows : 

Value  of  seed  trees  left  per  acre $2 .  00 

(Frequently  the  value  will  be  nil  when  the  trees  are  actual 
culls.) 

Increased  cost  of  logging  tract  because  seed  trees  are  left 1 .  60 

Cost  of  protecting  seed  trees  when  slash  is  burned 76 

Total  per  acre $4.25 

The  estimate  made  above  of  the  three  possible  methods  give  the  fol- 
lowing comparisons:  Planting,  $10.25  per  acre;  seed-spot  sowing,  $4.25 
per  acre;  single-seed-tree  method,  $4.25.  These  are,  of  course,  estimates 
of  average  cost,  and  the  actual  expense  in  practice  will  vary  through  a 
wide  range  depending  upon,  local  conditions,  but  these  estimates  take 
account  of  every  factor  and  are  thought  to  be  conservative  and  com- 
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parable  with  eacli  other.  They  show  that  the  cost  of  the  single-seed- 
tree  method  of  natural  regeneration  is  practically  the  same  as  the  cost 
of  artificially  seed-spotting  the  area.  One  method  has  no  superiority 
over  the  other  in  this  particular,  therefore,  except,  as  above  mentioned, 
where  the  reserved  trees  have  no  value  to  the  logger,  when  the  financial 
advantage  is  decidedly  with  the  natural  seed-tree  method.  But  there  are 
to  my  mind  a  number  of  definite  advantages  to  the  natural  seed-tree 
method  and  corresponding  disadvantages  to  the  seed-8pK)t  method  which 
must  weigh  with  the  forester  in  deciding  upon  a  method  either  for  the 
Forest  Service  or  for  timber-land  owners  to  adopt  in  their  Douglas  fir 
cuttings. 

1.  The  leaving  of  seed  trees  would  ordinarily  require  practically  no 
cdsh  investment,  while  the  $4.26  necessary  to  reforest  by  seed  spotting 
must  actually  be  expended  in  cash  for  labor  and  seed. 

2.  The  fire  risk  in  recently  logged-over  land  is  very  great  for  a  few 
years,  even  after  the  slash  has  been  burned  over  once.  Suppose  a  fire 
gets  into  an  area  of  five-year-old  young  growth  which  has  been  arti- 
ficially started  and  sweeps  it  clean.  The  expensive  operation  of  sowing 
or  planting  must  be  repeated  at  as  great  if  not  a  greater  cost  than  at 
first.  If  seed  trees  are  reserved  the  young  growth  may  be  killed,  but  the 
seed  trees  will  be  unharmed  and  they  will  restock  the  area  without  a 
penny  of  extra  charge. 

3.  Artificial  reforestation  is  difficult  of  practical  operation.  I  have 
said  that  seed-spot  sowing  should  be  successful  under  favorable  condi- 
tions, but  some  of  the  conditions  are  impossible  of  control  and  may 
never  be  favorable  on  certain  sites  or  may  be  very  unfavorable  in  certain 
years.  If  because  of  some  slight  practical  obstacle  the  sowing  is  delayed 
perhaps  two  weeks,  the  delay  brings  failure  to  tlie  operation.  A  mere 
enumeration  of  the  obstacles  to  successful  artificial  reforestation  will 
suffice  to  illustrate  this  point. 

(a)  Years  in  which  seed  can  be  collected  profitably  do  not  occur  an- 
nually, so  that  sowing  iu  certain  years  must  be  done  with  old  seed 
(which  costs  more  because  of  its  deterioration)  or  the  sowing  must  be 
delayed  for  a  year  or  two  (which  is  bad  silviculturally). 

(&)  With  a  western  mountain  climate  the  seasons  are  very  variable, 
so  that  large-scale  sowing  operations  are  exposed  to  the  seasonal  eccen- 
tricities of  the  weather.  Some  years  the  dry  season  follows  so  closely  on 
the  disappearance  of  the  snow  that  spring  sowing  would  be  a  total  failure 
on  sites  where  it  would  be  highly  successful  another  year.  Similarly  in 
the  fall  sometimes  the  sowing  season  is  extremely  short  because  of  an 
early  winter,  making  it  difficult  to  actually  carry  on  the  work  of  artificial 
reforestation  at  the  all-too-short  auspicious  season. 
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(c)  The  labor  problem  is  also  serious.  The  possible  sowing  (or  plant- 
ing) season  in  the  Cascades  either  in  the  fall  or  spring  comes  at  a  time 
of  year  when  woods  work  is  least  attractive,  so  that  it  may  often  be  im- 
possible to  obtain  satisfactory  laborers  in  sufficient  numbers  at  just  the 
time  they  are  needed  for  large-sized  operations. 

(d)  Rodents  and  birds,  the  control  of  which  in  large-sized  field  oper- 
ations has  never  been  demonstrated  to  be  practicable,  may  prevent  a 
sowing  operation  from  being  successful,  even  when  all  the  other  condi- 
tions are  favorable. 

Disadvantages  are  raised  to  the  single-seed-tree  method ;  it  is  claimed 
that  the  seed  trees  may  blow  over;  that  they  may  burn  up  when  the 
slash  is  burned;  that  natural  reproduction  is  not  sure;  that  it  is  slow 
and  may  not  seed  up  an  area  for  three,  four,  or  five  years.  These  are  all 
points  which  must  be  given  consideration,  and  on  certain  areas  their 
disadvantages  may  outweigh  the  advantages  of  artificial  reforestation. 
Taking  the  Douglas  fir  regions  as  a  whole,  however,  it  is  thought  that 
none  of  these  disadvantages  is  great  enough  to  condemn  the  method  of 
natural  regeneration  or  hinder  its  successful  application.  On  most  soils 
single  seed  trees  should  not  blow  over ;  they  can  be  so  protected  that  they 
will  not  be  killed  when  the  slash  is  burned ;  natural  reproduction  is  rea- 
sonably sure,  provided  the  area  is  not  abnormally  brushy  or  otherwise 
definitely  unfavorable  for  the  reception  of  seed  and  the  seed  trees  are 
suitable;  natural  reproduction  may  take  a  year  or  two  years  to  get 
started,  but  since  seed  years  are  frequent,  and  most  of  the  natural  repro- 
duction should  start  the  first  seed  year  after  the  area  is  burned,  it  should 
not  be  materially  slower  than  artificial  sowing. 

In  stating  these  reasons  for  favoring  the  singlc-seed-tree  method  as 
the  method  to  use  in  regenerating  Douglas  fir  stands  in  the  Pacific 
Northwest,  I  should  not  be  understood  as  favoring  it  for  all  the  stands 
in  this  region.  There  are  undoubtedly  certain  classes  of  Douglas  fir 
timber  in  which  it  is  better  silviculture  and  more  profitable  to  use  arti- 
ficial reproduction  than  natural  regeneration,  but  with  the  above  con- 
siderations in  mind  they  seem  to  be  the  exception  rather  than  the  rule. 
The  conditions  under  which  artificial  sowing  or  planting  is  the  better 
practice  may  be  classed  as  follows : 

1.  In  very  decadent  stands,  where  the  Douglas  fir  is  past  the  seed- 
bearing  age  and  the  forest  is  given  over  to  hemlock,  grand  fir,  and  other 
secondary  species  not  desired  in  the  next  crop,  artificial  methods  must 
be  resorted  to  in  order  to  secure  a  second  crop  of  the  desired  species, 
Douglas  fir.    A  good  many  such  stands  exist  in  western  Washington. 
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2.  In  areas  where  seed  trees  are  very  liable  to  be  wind-thrown  if  left 
solitary  it  is  wisdom  to  artificially  reforest  ratlier  than  to  run  a  large 
risk  of  losing  the  seed  trees  before  they  have  seeded  np  the  area.  Such 
areas  are  not  common,  but  they  do  occur  on  certain  kinds  of  soil  and  in 
certain  exposed  situations. 

3.  Where  all  the  trees  in  the  stand  are  sound  and  high  grade,  and 
where  every  tree  has  a  high  merchantable  value,  it  may  be  economically 
more  profitable  to  log  every  tree  and  artificially  restock  the  areas  than 
to  leave  trees  of  high  merchantable  value  as  seed  trees.  Such  a  condition 
as  this  is  rare  in  the  Northwest. 

4.  Where  it  is  important  to  secure  a  cover  at  once  and  it  is  not  policy 
to  wait  even  a  year  for  the  natural  reproduction,  as  on  a  city  watershed, 
or  where  the  competition  of  brush  is  feared,  or  where  erosion  is  to  be 
guarded  against,  some  method  of  artificial  reforestation,  preferably 
planting,  must  be  resorted  to. 

Whether  artificial  or  natural  reproduction  shoidd  be  used  in  regener- 
ating Douglals  fir  stands,  therefore,  must  be  decided  on  the  ground,  ac- 
cording to  the  conditions  in  that  particular  stand  and  the  objects  of  the 
management,  and  it  is  not  safe  to  say  dogmatically  that  one  method  or 
the  other  is  always  superior.  It  is  not  too  much  to  say,  however,  that 
barring  the  above  four  classes  of  exceptional  stands,  natural  regeneration 
is  practicable,  reasonably  sure  of  success,  and  as  inexpensive  as  any 
method  of  artificial  reforestation  in  the  coastal  Douglas  fir  forests. 


A  SYSTEM   FOR  GETTING  TOPOGRAPHY  IN  RECONNAIS- 
SANCE WORK  IN  THE  WESTERN  CASCADES 

BY  WALTEB  H.  LEYE 
(Contributed) 

The  material  used  in  this  article  is  based  on  several  years'  experience 
of  the  author  in  reconnaissance  work  and  topographic  mapping  on  the 
Snoqualmie  National  Forest  in  western  Washington. 

The  west  side  of  the  Cascade  Mountains  consists  of  more  or  less 
rugged  mountain  ridges  rising  from  an  altitude  of  a  few  hundred  feet 
above  sealevel  to  an  elevation  of  4,000  feet  or  more.  Most  of  this  re- 
gion is  blessed  for  the  greater  part  of  the  year  with  an  abundant  rain- 
fall and  a  very  moist  atmosphere.  It  is  this  region  of  abundant  pre- 
cipitation that  is  considered  herein.  The  climatic  conditions  described 
.  give  rise  to  a  heavy  growth  of  timber,  the  trees  often  being  of  large 
diameters.  A  stand  of  25,000  feet  B.  M.  to  the  acre  would  be  consid- 
ered small,  and  stands  of  100,000  feet  or  more  are  not  at  all  uncommon. 
Except  in  the  thickest  stands,  the  country  is  also  covered  with  a  very 
dense  undergrowth,  which  is  at  times  higher  than  a  man's  head,  making 
an  extended  outlook  quite  diflBcult. 

In  reconnaissance  work  there  is  an  opportunity  for  making  a  topo- 
graphic map  of  much  greater  detail  and  accuracy  than  could  otherwise 
be  afforded,  and  this  must  be  remembered  in  carrying  on  the  work  in 
order  that  full  advantage  may  be  taken  of  the  opportunity. 

Before  any  reconnaissance  work  is  carried  on  in  a  given  territory,  the 
man  who  is  to  be  chief  of  the  party  should  take  a  trip  through  it,  visit- 
ing points  where  extended  areas  of  the  country  may  be  seen,  so  that  he 
may  make  himself  thoroughly  familiar  with  the  actual  conditions  that 
will  confront  him  and  plan  his  work  accordingly. 

Serious  consideration  should  be  given  to  the  selection  of  the  personnel 
of  the  party.  Men  with  as  much  experience  as  possible  should  be  ob- 
tained. The  adaptability  of  the  men  to  the  work  is  very  important, 
and  those  who  are  to  do  the  topographical  work  ought  to  have  a  good 
conception  and  grasp  of  this  kind  of  work.  The  work  of  a  man  on  the 
party  who  has  not  a  good  understanding  of  his  work  can  seriously  im- 
pair the  eflfectiveness  of  a  number  of  good  men. 

Experience  has  shown  that  a  crew  of  eight  or  ten  men  is  more  eflBcient 
than  a  larger  crew.    Where  some  of  the  work  is  not  within  an  economi- 
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cal  walking  distance  from  the  main  camp,  short  side  camps  of  two  or 
more  men  may  be  established. 

If  it  is  possible,  the  primary  control  lines  should  be  nm  out  the  season 
before  the  reconnaissance  crew  goes  into  the  field;  but  where  this  is  not 
possible,  the  surveying  must  be  well  under  way  when  the  main  crew  gets 
into  the  field.  Some  parts  of  the  western  Cascades  have  been  covered 
by  the  TTnited  States  public  land  sun^eys,  and  of  course  where  these  sur- 
veys exist  they  are  used,  but  in  the  greater  part  they  do  not  exist. 

The  primary  control  lines  or  main  traverses  are  usually  run  up  the 
main  stream  valleys.  These  traverses  are  run  along  the  roads  and  trails, 
where  there  are  any,  and  otherwise  up  the  stream  beds.  A  series  of 
traverses  paralleling  these  should  be  run  along  the  main  ridges  where 
they  are  timbered.  These  can  often  be  made  quite  cheaply  by  the  use 
of  a  plane-table  with  a  telescopic  alidade  and  a  stadia  rod.  As  the 
cruising  is  usually  done  by  means  of  valuation  survey  strips,  enough 
short  secondary  traverses  are  run  out  from  these  main  traverses  to  pro- 
vide a  thorough  check  on  the  valuation  survey  strips.  These  short 
traverses  are  run  with  a  Forest  Service  standard  compass  and  a  chain.. 
Thev  should  be  run  where  the  fewest  obstacles  will  be  encountered ;  this 
may  be  up  ^  creek  bed,  or,  as  is  more  often  the  case,  up  a  ridge.  Often 
greater  accuracy  may  be  obtained  and  time  saved  in  running  and  plot- 
ting them  by  simply  making  them  straight  lines  carefully  chained 
through  the  woods.  Where  the  traverses  along  the  main  ridges  are 
short  and  partake  of  the  nature  of  secondary  traverses  they  may  be  run 
with  a  compass  and  chain,  using  the  traverse  board  described  later  in 
this  article  for  taking  topography.  Care  should  be  taken  that  main 
topographical  features  such  as  peaks,  gulches,  promontories,  etc.,  be 
shot  in  from  traverse  lines,  especially  those  in  the  high  country  which 
is  not  cruised. 

The  cruising  is  carried  on  in  the  following  way:  On  the  lower  slopes, 
and  where  there  are  good  stands  of  timber,  where  timber  sales  are  ex- 
pected within  a  reasonable  length  of  time,  valuation  survey  strips  are 
run  on  a  10  per  cent  basis — that  is,  strip  acTc  lines,  one  chain  wide,  are 
run  ten  chains  apart.  In  the  upper  country,  where  the  stand  is  mer- 
chantable or  is  expected  to  become  merchantable,  but  where  the  cruise  is 
wanted  for  working  plans  only,  the  topography  is  obtained  by  well 
located  traverses  and  the  cruise  obtained  by  ocular  estimate  checked  by 
sample  plots.  The  sample  plots  may  be  varied  in  number  according  to 
the  importance  of  the  tract.  The  rough,  precipitous,  high  country 
which  does  not  bear  merchantable  stands  is  not  cruised,  but  some  kind 
of  plane-table  work  is  done  on  it  to  get  the  topography. 
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It  was  at  first  thought  that  a  5  per  cent  cruise  would  be  sufBcient 
for  most  of  the  lower  country,  and  would  also  be  applicable  to  the  upper 
country,  and  considerable  work  has  been  done  on  this  basis,  but  it  has 
been  found  that  there  are  few  places  where  a  5  per  cent  cruise  seems 
the  most  practicable.  In  the  first  place,  owing  to  the  nature  of  the 
country,  it  is  rarely  possible  for  the  cruiser  to  judge  the  character  of 
the  topography  farther  out  than  five  chains  from  the  line  he  is  running. 
This,  then,  on  a  5  per  cent  cruise  leaves  a  strip  ten  chains  or  more  wide 
on  which  no  topographic  data  is  obtained.  The  filling  in  of  the  topogra- 
phy on  this  strip  is  left  to  the  man  who  works  up  the  field  maps.  With 
a  10  per  cent  cruise  the  country  is  almost  completely  covered  from 
the  standpoint  of  topography,  and  if  the  work  is  done  carefully  a  topo- 
graphical map  is  obtained  which  will  not  have  to  be  revised  for  an  in- 
definite period.  Further,  any  area  on  which  a  timber  sale  is  expected 
within  a  reasonable  time  will  have  to  be  cruised  on  a  10  per  cent  basis 
any  way,  as  a  5  per  cent  cruise  is  not  sufficient  on  which  to  base  a  sale. 
There  are  obvious  reasons  why  this  10  per  cent  cruise  should  be  made 
all  at  once,  instead  of  in  two  separate  5  per  cent  cruises.  In  the  upper 
country,  where  the  cruise  is  made  for  working  plan  purposes  only,  an 
ocular  estimate  by  experienced  and  efficient  men,  checked  occasionally 
by  sample  plots,  not  only  offers  the  data  necessary  in  just  as  good  form, 
if  not  better,  but  is  much  cheaper  than  cruising  done  by  the  strip  acre 
system  on  a  5  per  cent  basis.  The  latter  is  worth  considering  seriously 
where  working  plans  have  to  be  made  for  large  areas  on  limited  funds. 

In  laying  out  strip  acre  lines  in  unsurveyed  country  the  main  traverse 
is  plotted  and  a  line  drawn  approximately  parallel  to  this  traverse. 
The  strip  acre  lines  are  then  drawn  their  proper  distance  apart  at  right 
angles  to  this  line.  Where  they  intersect  the  traverse  line.  Forest 
Service  monuments  are  established  for  the  cruisers  to  work  out  from. 
Care  should  be  taken  that  these  lines  are  not  laid  out  so  as  to  run 
directly  up  side  streams  and  ridges,  but  that  they  are  laid  out  so  as  to 
cut  them  somewhat  diagonally,  thus  not  only  getting  more  detailed 
topography  but  also  a  more  representative  cruise. 

In  cruising  on  the  strip  acre  lines  the  cruisers  work  in  pairs.  One 
man,  the  head  cruiser,  takes  the  topography;  the  other,  the  second 
cruiser,  tallies  the  trees  and  writes  the  forest  description.  The  head 
cruiser  is  responsible  for  the  work  of  the  party  and  oversees  the  notes 
of  the  second  cruiser.  The  head  cruiser  carries  with  him  a  Forest 
Service  standard  compass,  a  small  traverse  board  fitted  to  a  Jacob's 
staff,  a  Locke  level,  an  aneroid  barometer,  and  a  tally  register.  The 
second  cruiser  carries  a  Biltmore  stick  and  a  note-book. 
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The  lines  are  usually  paced,  the  head  cruiser  doing  the  pacing,  tally- 
ing his  paces  with  the  tally  register.  Cruisers  who  have  not  had  much 
experience  in  pacing  are  required  to  chain  their  lines  at  first.  Eleva- 
tions are  obtained  with  an  aneroid  barometer,  the  aneroid  being  set  in 
camp  each  morning  on  starting. 

The  traverse  board  and  the  system  of  using  it  are  the  ideas  of  Mr. 
Burt  P.  Kirkland,  the  supervisor  of  the  Snoqualmie  National  Forest. 
The  board  is  12  inches  square,  made  of  white  pine  three-fourths  of  an 
inch  thick.  Saw-cuts  running  with  the  grain  are  put  in  on  the  lower 
side  one  inch  apart  and  three-eighths  of  an  inch  deep,  to  prevent  warp- 
ing. The  board  is  also  braced  on  the  bottom  with  three  narrow  oak 
braces  mortised  into  it.  Screwed  into  the  center  of  the  bottom  is  a 
brass  plate,  2^/^  inches  square,  into  which  screws  the  ball-and-socket 
staff-head  of  the  Forest  Service  standard  compass.  This  staff-head  fits 
on  the  Jacob's  staff.  The  board  may  be  carried  by  means  of  a  strap 
slung  over  the  shoulder. 

With  the  use  of  this  board  the  topography  of  a  given  area,  say  of  a 
square  mile  or  two  square  miles,  is  all  put  on  a  single  map  sheet  by  the 
cruiser  in  the  field.  Thus  the  necessity  of  having  the  compiler  copy  his 
topographic  data  from  a  large  number  of  individual  acre  sheets  is 
obviated.  The  cruiser  is  given  a  sheet  of  convenient  size  to  go  on  the 
plane-table,  with  a  definite  area  laid  out  on  it  which  he  is  to  work  up. 
A  scale  of  eight  inches  to  the  mile  has  been  found  to  be  very  satisfac- 
tory for  this  map.  It  has  been  the  writer's  experience  that  work  can  be 
done  just  as  rapidly  with  this  board,  if  not  more  so,  than  with  the  old 
system  of  using  individual  acre  sheets. 

On  the  cruiser's  map  are  located  the  strip  acre  lines  which  he  is  to 
cruise,  section  lines.  Forest  Service  monuments,  traverse  lines,  and  any 
other  data  which  may  be  of  assistance  to  him.  Where  the  country  has 
been  surveyed,  such  data  from  the  Surveyor  General's  map  as  may  be  of 
use  to  him  is  also  put  on.  In  surveyed  country  the  cruiser  is  usually 
given  a  single  section  to  work  up  at  a  time.  The  system  admits  of  con- 
siderable elasticity,  however,  in  the  size  of  the  area  which  one  cruiser 
works  up.  One  plan  which  has  been  tried  is  to  give  two  head  cruisers 
areas  that  overlap.  The  overlapping  territory  is  left  till  last,  and  the 
man  who  finishes  sooner  works  it  up.  This  plan  is  more  particularly 
adapted  to  unsurveyed  country,  where  the  lines  are  usually  of  quite 
uneven  length  and  unexpected  obstacles  often  present  themselves. 

In  mapping  an  area  with  this  traverse  board,  the  cruiser  starts  with 
a  strip  on  the  edge  of  his  map  and  cruises  the  strips  in  succession  across 
the  map.     In  this  way  he  is  alway  running  a  line  next  to  the  one  which 
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he  has  just  previously  run  and  which  is  fresh  in  his  memory.  He  has 
the  detailed  topography  of  that  line  on  the  map  before  him  and  can 
check  it  with  the  one  he  is  running. 

The  operation  of  using  the  traverse  board  is  the  same  as  that  of  an 
ordinary  plane-table.  The  compass  sets  flat  on  the  board  and  has  square 
edges,  one  edge  being  graduated  in  tenths  of  an  inch,  enabling  it  to  be 
used  as  an  alidade.  Objects  are  shot  in  with  it  in  the  same  way  as 
with  a  plane-table.  The  cruiser  sets  the  board  up  at  any  place  along 
his  line  where  it  is  necessary  to  take  topography  and  orients  it  with 
reference  to  the  line  being  cruised.  He  shows  the  topography  by  means 
of  contour  lines  which  have  an  approximate  interval  of  25  feet,  running 
them  out  on  his  map  as  far  as  he  has  any  reasonable  certainty  of  their 
direction.  The  Locke  level  is  used  to  determine  the  direction  of  the 
contour  lines  where  it  seems  necessary  to  use  it.  Aneroid  elevations 
are  entered  on  the  map  at  the  beginning  and  end  of  each  acre  and  wher- 
ever else  they  are  needed.  The  cruiser  puts  in  the  streams,  rock  out- 
crops, and  any  other  natural  features  not  shown  by  the  contours.  Be- 
sides taking  the  topography  on  his  strip  acre  lines,  he  also  sketches  in 
the  topography  along  trails  and  any  other  lines  that  he  travels  on. 

By  using  the  compass  as  an  alidade,  the  cruiser  can  shoot  in  any 
topographical  feature  that  he  sees,  no  matter  where  it  is  located.  When 
he  comes  to  a  point  where  he  cannot  cruise  further,  he  can  locate  accu- 
rately and  with  little  effort  the  cliffs  and  other  features  ahead  of  him. 
Often  the  cruiser  comes  to  more  or  less  open  places,  such  as  basins  at 
the  heads  of  streams,  where  the  timber  does  not  warrant  cruising  or 
where  there  is  no  timber.  This  plane-table  system  is  well  adapted  to 
places  like  these.  If  he  sees  a  promontory  or  other  point  near  his  line 
where  a  good  view  of  the  country  can  be  obtained,  he  can  run  a  plane- 
table  traverse  to  it  and  shoot  in  all  the  surrounding  topography. 
Peaks,  etc.,  on  the  other  side  of  the  valley  from  where  he  is  working, 
but  which  could  not  be  located  accurately  by  the  cruiser  who  is  working 
on  that  side,  can  also  be  shpt  in.  This  same  principle  may  be  reversed, 
and  peaks  or  other  natural  features  which  have  been  accurately  located,* 
say  by  triangulation,  may  be  used  to  check  the  distances  paced  by  the 
cruiser.  In  unsurveyed  country,  where  the  strip  acres  are  run  out  from 
a  traverse  made  along  a  trail  or  stream  bed,  it  has  been  found  that  it  is 
easier,  under  this  plane-table  system,  for  the  cruiser  to  map  in  the 
topography  along  the  traverse  than  for  the  surveyor,  as  the  cruiser  has 
the  traverse  accurately  plotted  on  his  map  and  can  put  in  the  topography 
in  the  exact  proportions  in  which  it  occurs. 

When  the  land  to  be  cruised  is  surveyed,  the  plane-table  sheets  for 
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this  work  should  be  made  up  the  winter  before  the  cruising  is  done  and 
the  data  from  Surveyor  General's  map  and  any  other  required  data, 
such  as  possibly  the  data  from  mining-claim  maps,  be  put  on  them.  For 
unsurveyed  land  this  can  be  done  also,  if  the  traverses  are  made  the 
summer  before  and  the  man  who  has  charge  of  making  up  the  sheets 
has  a  knowledge  of  the  country. 

On  his  plane-table  map  the  cruiser  puts  in  all  data  that  is  of  use. 
Besides  the  strictly  topographic  features,  he  puts  in  the  age  class  and 
type  boundaries  and  soil  and  site  quality  boundaries  exactly  as  he  finds 
them  on  the  ground.  He  also  p\its  in  all  cultural  features,  such  as 
trails,  cabins,  mining  operations,  etc.  The  kind  and  condition  of  trails 
should  be  shown. 

The  cruiser  should  not  fail  to  get  all  of  the  detail  that  he  sees  in  the 
field.  He  should  be  careful  to  get  the  exact  direction  of  the  slope,  since 
this  has  a  marked  effect  on  the  appearance  of  the  contour  lines  when 
they  are  connected  up.  His  map  should  also  show  the  degree  of  rough- 
ness of  the  slope  and  the  amount  of  rock  outcrop.  Constant  attention 
should  be  paid  to  getting  the  depth  and  shape  of  canyons  right,  as  these 
are  an  important  factor  in  the  laying  out  of  logging  operations.  The 
Locke  level  should  be  freely  used  in  these  cases,  especially  where  the 
cruiser  has  not  had  a  great  deal  of  experience  in  taking  topography.  If 
notes  of  explanations  are  needed,  the  cruiser  should  not  hesitate  to  put 
them  in  on  his  map. 

Before  the  field  season  begins  the  aneroids  to  be  used  in  a  camp 
should  be  uniformly  and  accurately  adjusted  by  a  concern  that  does  this 
work.  Then  when  they  are  out  in  the  field  they  should  be  handled 
carefully  and  great  care  used  in  reading  them.  A  great  deal  depends 
on  the  accuracy  of  the  aneroid  readings.  If  they  are  inaccurate  and 
unreliable  the  topography  obtained  with  their  help  is  almost  worthless. 

Particular  care  should  be  taken  to  got  accurate  elevations  along 
traverse  and  base  lines.  The  most  reliable  aneroids  should  be  taken  out 
on  these  lines,  and  readings  taken  at  various  times  and  the  results  aver- 
aged. With  a  system  of  traverses  along  ridges  and  stream  beds  along 
which  accurate  elevations  are  obtained,  the  compiler  is  dependent  on 
the  strip  acre  lines  rather  for  the  direction  of  his  contour  lines  only 
than  for  both  direction  and  exact  elevation.  We  do  not  really  need  to 
know  the  exact  elevation  of  all  the  points  on  the  map ;  what  we  want  to 
know  is  what  the  country  looks  like.  Xow,  if  we  get  this  relative 
topography  on  the  strip  acre  lines,  and  then  have  accurate  elevations 
along  the  important  lines,  as  ridges  and  stream  beds,  to  tie  it  to,  we  are 
all  right.     It  is  more  important  that  we  have  some  of  the  elevations  on 
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the  map  accurately  determined  and  not  be  so  careful  about  the  others, 
than  that  we  have  them  all  determined  with  only  a  moderate  degree  of 
accuracy.  If  the  important  points  are  not  located  accurately,  the  result 
is  a  number  of  small  areas  on  which  the  topography  is  fairly  well  worked 
up  but  which  do  not  match  with  each  other.  This  necessitates  consid- 
erable warping  of  topography,  especially  along  the  boundaries  of  the 
areas,  in  order  to  make  them  match. 

Cruisers  and  others  in  a  reconnaissance  party  should  be  on  the  look- 
out for  names  for  important  natural  features  that  have  not  already  been 
named.  Residents  of  the  locality  should  be  interviewed  and  all  names 
which  are  used  locally  obtained  from  them. 

When  the  cruiser  has  finished  the  field  work  on  his  map  the  aneroid 
readings  are  corrected  from  the  daily  curve  sheets  that  have  been  kept 
in  camp.  Then  it  is  ready  to  have  the  contours  connected  up  and  to 
be  gotten  into  shape  for  transference  to  the  final  map.  When  finished 
it  should  be  a  complete  map  of  the  country  which  it  covers.  The  con- 
tour interval  used  in  finishing  these  maps  is  50  feet.  The  joining  of  the 
contours  and  completing  of  the  field  map  should  be  done  by  one  who  is 
an  expert  at  this  particular  line.  In  many  cases  the  cruiser  is  competent 
to  do  this,  but  sometimes  he  is  not.  The  man  who  finishes  the  field 
map  should  not  only  have  had  experience  in  topographical  mapping,  but 
he  should  be  possessed  of  good  judgment  and  a  natural  sense  of  topogra- 
phy. Further,  he  should  have  been  over  the  ground  and  should  have  an 
understanding  of  the  peculiar  characteristics  of  the  country  he  is  work- 
ing up.  Owing  to  the  fact  that  even  after  correction  the  aneroid  read- 
ings on  the  strip  acre  lines  cannot  be  taken  as  absolute,  it  is  quite  easy 
to  make  a  map  in  which  the  topography  is  badly  warped  by  simply 
blin<lly  connecting  corresponding  elevations  on  adjacent  lines.  Consid- 
erable detail  may  also  be  lost  in  this  way.  The  value  of  a  map  may  be 
very  seriously  impaired  by  having  it  worked  up  by  one  who  has  not  a 
thorough  understanding  of  the  work.  It  is  evident,  also,  that  an  expert 
can  do  the  work  in  much  less  time.  Field  maps  should  bear  the  signa- 
tures of  all  persons  who  have  worked  on  them. 

It  should  be  seen  always  that  the  field  maps  when  finished  match  with 
adjacent  ones.  If  this  is  done,  and  the  chief  is  absolutely  certain  that 
he  has  covered  all  of  the  country  topographically  in  some  way,  it  is  not 
necessary  to  make  up  the  final  map  in  the  field.  In  fact,  it  is  better  to 
use  the  field  season  as  much  as  possible  for  field  work  and  save  the  com- 
piling of  the  final  map  for  the  time  when  work  in  the  field  is  not  prac- 
ticable. 

The  final  map  is  made  up  on  a  scale  of  four  inches  to  the  mile.    It  is 
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usually  made  up  in  units  of  townships  six  miles  square,  whether  the 
country  is  covered  by  the  public  land  surveys  or  not.  The  topography 
is  transferred  from  the  field  maps  to  the  final  map  by  means  of  the 
pantograph,  thus  preserving  all  the  sharpness  of  detail  that  it  is  pos- 
sible to  get  in  the  field.  Under  the  old  system  of  individual  acre  sheets 
this  detail  was  often  lost  in  compiling  the  final  map.  However,  in 
order  that  the  details  show  up  sharply,  care  must  be  taken  that  the  lines 
of  the  field  map  are  followed  closely  and  that  no  turns  or  points  are 
slurred  over  or  left  out.  This  same  care  in  following  the  lines  must  be 
used  in  working  up  the  field  maps.  The  50-foot  contour  interval  is 
retained  in  the  final  map.  It  has  been  found  that  for  ordinary  moun- 
tainous country  on  a  4-inch  scale  map  this  50-foot  interval  is  the  best. 
It  shows  the  character  and  relative  steepness  of  the  country  quickly  and 
clearly — ^much  more  so  than  100-foot  contours.  On  less  steep  country 
probably  a  25-foot  interval  would  be  better. 

The  chief  of  a  party  should  constantly  make  notes  about  the  various 
points  that  come  up.  He  should  discuss  these  with  members  of  the 
party  and  encourage  them  to  record  observations  and  suggest  means  of 
betterment.  The  notes  so  taken  should  be  filed  away  for  future  refer- 
ence. 

Every  one  connected  with  a  reconnaissance  party  should  bear  in  mind 
the  purpose  of  the  topographic  map.  Cruisers,  instead  of  simply  going 
out  and  drawing  in  the  contours  along  a  certain  strip  acre  line,  without 
any  particular  regard  as  to  what  these  contours  are  supposed  to  show  or 
to  their  relation  to  the  contours  on  other  lines,  and  without  paying  any 
attention  to  the  topography  beyond  the  end  of  the  line,  should  constantly 
remember  that  what  they  are  there  for  is  to  obtain  a  topographic  map 
of  all  of  the  country — one  that  shows  everything  that  a  person  using  the 
country  wants  to  know.  It  isnH  the  actual  elevation  above  the  sealevel 
of  various  points  on  the  map  that  we  care  so  much  about,  but  what  we 
want  to  know  is  what  the  country  looks  like — whether  it  is  an  even  hill- 
side or  lies  in  benches  and  terraces ;  how  sharp  and  how  deep  the  gulches 
are ;  how  high  the  cliffs  are,  and  so  on — our  real  desire  being  to  find  out 
whether  we  can  get  over  a  certain  divide  with  a  pack  or  not ;  if  we  can 
get  up  a  given  side  of  a  valley  with  a  logging  railroad,  and  the  hundred 
other  problems  that  come  up  in  our  work  in  a  given  country. 

Care  and  accuracy  must  be  insisted  upon  in  reconnaissance  work,  in 
order  that  the  work  may  be  of  any  value  or  mean  anything.  Inaccurate 
and  careless  work,  no  matter  how  intensively  applied,  is  of  little  value. 
In  planning  any  operation,  the  work  should  be  carried  only  to  such  an 
intensity  as  may  maintain  accuracy  and  carefulness.  In  this  way  full 
value  may  be  received  from  the  expenditure  of  a  given  amount  of  money. 


FOREST  PLANTING  IN  NORTHEEN  MICHIGAN 

BY  WILLIAM  B,  PIPBB 
(Contributed) 

Poreat  planting  in  northern  Michigan  is  in  a  very  early  stage  of 
development.  The  State  has  been  working  about  ten  years  and  the 
Forest  Service  has  jnst  begun. 

Although  northern  Michigan,  as  all  know,  has  had  a  great  reputation 
for  its  timber,  comparatively  little  of  this  timber  grew  on  lands  at 
present  held  by  the  State,  and  even  less  on  lands  now  held  by  the  Gov- 
ernment. 

In  the  early  days  all  Michigan  was  open  to  settlement  under  the 
homestead,  timber,  and  stone  laws.  The  settlers  and  timbermen  took 
up  and  patented  the  land  with  the  best  timber,  and  stole  much  of  the 
timber  from  the  lands  that  were  not  worth' patenting.  The  best  lands 
for  agriculture  have  been  held  or  sold  by  the  original  patentees,  while 
the  poorer  lands  that  were  patented  have  reverted  to  the  State  on  ac- 
coimt  of  non-payment  of  taxes.  Only  the  poorest  and  sandiest  lands 
were  left  in  the  hands  of  the  Government.  Part  of  these  now  form  the 
Michigan  and  Marquette  forests.  The  result  is  that  the  State  has  the 
medium  lands  to  protect  and  reforest  and  the  Government  has  the  poor- 
est lands. 

In  the  Michigan  forest,  in  the  spring  of  1910,  25,000  Norway  pine, 
wild  stock  from  Minnesota,  were  planted.  Those  put  in  the  ground  in 
early  April,  just  as  soon  as  the  snow  melted,  are  doing  far  better  than 
those  that  were  planted  during  the  latter  part  of  April  and  in  early 
May. 

That  same  spring  white-pine  seed  were  sown,  but  the  soil  was  too  dry 
to  allow  germination. 

In  the  Michigan  forest,  in  the  winter  of  1910-1911  and  the  spring  of 
1911,  a  large  amount  of  Norway-pine  seed  was  sown.  One  area  was 
sown  in  December,  1910,  and  disked  in  April,  1911.  Four  areas  were 
sown  in  March  and  April,  1911,  and  disked  in  April,  1911.  The  seed 
came  from  the  Michigan  and  Minnesota  National  Forests.  One  area 
was  sown  with  jack-pine  seed  from  the  Minnesota  National  Forest. 

To  see  whether  rodents  ate  the  seed,  experiments  were  made  on  four 
other  areas. 

(206) 
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The  Norway-pine  seed  sown  on  them  was  treated : 

1.  With  coal  tar. 

2.  With  red  lead. 

3.  With  pine  tar. 

On  a  fourth  area,  wheat  treated  with  strychnine  and  saccharine  was 
sown  about  two  weeks  before  the  Norway-pine  seed.  Since  the  germina- 
tion on  the  treated  areas  and  on  the  untreated  areas  was  approximately 
the  same,  the  poisoning  seemed  to  be  ineffectual. 

Some  of  the  seed  sown  on  the  broad-casted  areas  sprouted,  but  the 
hot  sun  the  latter  part  of  June  and  the  early  part  of  July  scorched  the 
seedlings. 

Several  areas  were  sown  in  April  with  Norway-pine  seed  in  "seed- 
spots"  spaced  6  feet  by  6  feet  apart.  A  little  space  was  cleared  of  sod 
by  means  of  a  "Hazel"  hoe,  and  eight  or  ten  Norway-pine  seed  sown  in 
a  spot.  They  were  put  in  with  the  hoe,  much  as  com  would  be  sown, 
at  the  rate  of  an  acre  per  day  per  man.  Nearly  80  or  90  per  cent  of 
these  spots  showed  fine,  thrifty  little  pine  seedlings  in  May  and  early 
June,  and  promised  well;  but,  as  was  the  case  with  the  broadcast  seed, 
the  hot  sun  of  the  last  of  June  and  early  July  scorched  them  so  that 
today  hardly  a  seedling  can  be  found  in  the  seed-spots.  So  many  seed 
came  up  in  the  spring  that  there  is  not  much  chance  of  any  large  per 
cent  of  the  seed  having  failed  to  germinate. 

In  the  early  part  of  May,  1911,  28,000  two  and  three-year-old  white- 
pine  seedlings  from  the  Michigan  Agricultural  College  were  planted. 
The  white  pine  had  "heated"  badly  in  transit,  and  showed  a  low  per  cent 
of  vitality.  White-pine  seed  needs  a  soil  less  sandy  than  that  of  the 
"plains,"  and  more  shade  than  can  be  had  there.  A  thousand  Norway- 
pine  transplants,  also  from  the  Michigan  Agricultural  College,  were 
planted  near  the  white  pine.  These  were  rather  large  to  handle,  were 
planted  late  and  at  a  dry  time,  and  show  poor  results. 

A  thousand  Scotch  pine  and  two  thousand  Western  yellow  pine  from 
the  Detroit  and  Mackinac  Nurseries  at  East  Tawas  were  also  planted 
early  in  May.  The  weather  was  too  hot  or  the  soil  conditions  not  right 
for  the  Western  yellow  pine,  and  that  has  not  been  a  success.  The 
Scotch  pine,  however,  though  it  looked  brown  in  the  summer,  seems  to 
have  been  revived  by  the  heavy  fall  rains,  and  promises  good  results. 
This  capacity  for  reviving  is  especially  encouraging  for  the  future 
planting  of  Scotch  pine  here.  The  fact  that  it  is  an  exotic  species  is 
not  in  its  favor. 

In  the  autumn  of  1911,  500  white-pine  3-ls  and  600  Western  yellow- 
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pine  seedlings,  three  years  old,  from  the  Detroit  and  Mackinac  Bailroad 
Nurseries  at  East  Tawas,  and  2,000  N"orway-pine  seedlings,  three  to 
six  years  old,  from  Minnesota,  were  planted.  It  is  too  early  after  plant- 
ing to  say  how  these  are  going  to  develop,  but  with  all  the  fall  rains 
that  occurred  shortly  after  the  planting  the  result  should  be  good. 

In  the  spring  of  1911,  in  an  old  garden  at  Oscoda,  some  Norway- 
pine  seed  was  sown  to  see  what  it  would  do  under  the  best  of  conditions. 
Early  in  May,  before  the  snow  was  all  gone,  several  beds,  4  feet  by  8 
feet,  were  carefully  prepared  and  Norway-pine  seed  from  Minnesota 
sown  in  them.  A  mulch  of  clean  straw  was  put  over  the  beds  and 
watered  thoroughly.  In  early  June,  as  soon  as  the  seed  had  started  to 
germinate,  the  straw  was  removed.  Lath  screens,  giving  half  shade, 
were  put  on  the  beds  exposed  to  the  direct  rays  of  the  sun,  but  left  off  a 
bed  that  was  shaded  partially  by  an  oak  tree  and  a  shed.  The  frequent 
rains  of  early  June  and  the  cloudy  weather  that  came  then  enabled  the 
seedlings  to  flourish  well  af  first,  just  as  did  the  seedlings  that  came  up 
in  the  '^seed-spots^^  sown  on  the  "plains."  As  soon,  however,  as  the 
rains  stopped  and  the  sun  came  out  hot,  in  the  latter  part  of  June  and 
early  July,  the  beds  required  frequent  watering  (in  the  evening)  to 
keep  the  seedlings  alive.  At  times  a  fine  sprinkler  was  left  playing 
water  on  the  beds  all  night.  The  sandy  soil  here  absorbs  a  great  deal 
of  water,  and  irrigation  is  out  of  the  question.  A  long-continued  gentle 
spraying  is  required  to  make  any  noticeable  effect  one  inch  or  even  half 
an  inch  below  the  surface  of  the  ground. 

The  Norway-pine  seedling  is  more  susceptible  to  "damping  off"  than 
that  of  any  of  the  other  pines.  Even  in  this  dry,  sandy  soil  this  disease 
is  very  evident,  and  on  account  of  the  sandy  nature  of  the  soil  is  the 
harder  to  fight.  At  one  time  the  seedlings  would  be  suffering  from 
lack  of  water,  and  at  almost  the  next  moment  signs  of  "damping  off" 
were  evident.  The  result  was  that  a  large  loss  of  seedlings  occurred  in 
some  of  the  beds.  Another  year  it  is  planned  to  fight  the  disease  with 
commercial  sulphuric  acid  and  with  formalin. 

At  the  end  of  the  growing  season  the  seedlings  at  Oscoda  that  were 
in  the  bed  partially  shaded  by  an  oak  tree  and  a  shed,  were  far  thriftier 
and  had  a  much  better  color  than  those  protected  by  shade  screens  (the 
latter  were  removed  altogether  early  in  September).  The  seedlings  in 
the  beds  which  had  been  protected  by  screens  had  a  yellow  tinge,  and 
were  not  so  large  as  the  ones  in  the  bed  receiving  natural  shade.  A 
little  protection  from  the  sun  is  advisable  during  the  last  part  of  June, 
July,  and  August,  and  the  Forest  Service  plans  to  use  jack-pine  limbs 
to  bring  this  about.    The  seedlings  in  the  above  beds  were  transplanted 
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in  the  autumn  of  1911  to  the  new  nursery  site  on  Silver  Creek,  some 
eight  or  ten  miles  northwest  of  East  Tawas.  In  taking  them  up,  a  re- 
markable root  development  was  found  on  the  seedlings,  the  roots  vary- 
ing from  4  to  12  inches  long,  averaging  about  6  inches.  The  height 
of  the  seedlings  above  ground  was  normal — about  2  inches.  The  soil 
had  been  worked  up  thoroughly,  and  had  been  enriched  with  a  fine, 
well  decomposed  manure,  with  the  result  that  it  was  very  light,  and 
therefore  the  roots  had  a  great  chance  to  penetrate  downward.  To 
prevent  such  a  long  root  growth  and  to  get  a  better  lateral  root  system 
on  the  seedlings,  a  foundation  of  clay  has  been  put  in  three  of  the  4-foot 
by  12-foot  beds  started  on  the  Micbigan  forest  in  the  autumn  of  1911. 
Hauling  this  clay  costs  about  $1.25  a  bed.  The  Detroit  and  Mackinac 
ITurseries  adopted  this  scheme  in  some  of  the  beds  at  their  nurseries  at 
East  Tawas  several  years  ago,  with  good  results. 

It  is  very  important  to  sow  the  seed  in  the  beds  in  the  spring  as  soon 
as  the  ground  can  be  worked,  in  order  to  get  germination  of  the  seed. 
The  seed  was  put  in  as  early  as  possible  at  Oscoda,  even  before  the  snow 
was  all  gone ;  the  soil  is  so  sandy  there  it  can  be  worked  then.  Norway- 
pine  seed  sown  later  at  the  Detroit  and  Mackinac  Nurseries  at  East 
Tawas  did  not  germinate  at  all,  even  though  it  was  watered  with  a  hose. 
With  Norway-pine  seed  costing  $3.15  a  pound,  planting  nursery-grown 
stock  is  cheaper  than  direct  seeding. 

Example :  If  three  pounds  of  Norway-pine  seed  are  sown  to  the  acre, 
this  makes  an  initial  cost  of  $9.45.  Add  to  this  the  cost  of  disking  at 
50  cents  an  acre  and  labor  of  sowing  at  50  cents,  we  have  $10.45. 

The  cost  of  planting  is  something  as  follows : 

Cost  of  seedlings,  $3  per  M ;  1,210  to  acvre,  planted  6  feet  by  6  feet  $3.65 

Cost  of  transportation,  50  cents  per  M,  or  61  cents  per  acre 61 

Cost  of  planting,  $3.50  per  M;  planting  6  feet  by  6  feet;  $4.24 

per  acre 4 .  24 

Total $8.60 

The  cost  of  Norway-pine  seedlings  from  Minnesota  is  about  $4  per  M 
at  Minnesota,  which  would  bring  the  price  up  a  little  over  a  dollar  an 
acre  more.  It  would  not  make  the  cost  of  this  surer  method,  however, 
compare  badly  with  the  cost  of  the  broadcasting  and  disking  method. 

One  great  drawback  in  getting  seedlings  from  Minnesota  is  that  the 
spring  in  Minnesota  is  later  than  the  one  in  Michigan.  One  of  the 
great  points  in  Michigan  is  to  plant  the  seedlings  in  the  spring  just  as 
soon  as  the  snow  goes  off,  and  the  best  way  to  put  this  into  effect  is  to 
raise  seedlings  in  a  local  nursery;  then  they  are  right  on  hand  ready 
for  use. 
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The  State  Forester  of  Michigan  has  not  found  raising  seedlings,  even 
in  nursery  beds,  all  smooth  sailing.  The  State  nurseries  cover  about 
six  acres  of  sandy  land  at  the  headquarters  of  the  State's  reserves  at 
Higgins  Lake.  Here  are  raised  white,  Norway,  Scotch,  Western  yellow, 
and  lodgepole-pine  seedlings,  as  well  as  black,  white,  and  blue  spruce 
and  a  few  minor  species.  The  seed-beds  of  Norway  pine  planted  in  the 
spring  of  1911  looked  exceptionally  well  in  most  instances  in  the  sum- 
mer of  1911.  The  seeds  were  sown  in  drills  and  came  up  in  good  shape. 
'^Damping  off"  one  day  and  drying  out  the  next  has  caused  the  death  of 
a  few  seedlings,  but  as  a  rule  the  beds  had  a  good  stand  in  tliem  in  the 
summer  of  1911.  It  was  noticed  in  one  bed,  the  last  of  August,  that 
some  of  the  Norway-pine  seedlings  had  died  down  and  were  wilting. 
Rubbing  the  hand  over  them  toppled  the  dried  plants  over,  and  it  was 
seen  that  the  wilted  seedlings  had  been  cut  off  evenly  just  beneath  the 
ground  by  some  unknown  cause,  as  if  with  a  pair  of  shears.  This  was 
in  only  one  bed. 

Lath  screens  giving  half  shade  were  used  in  the  summer  of  1911  over 
most  of  the  beds.  The  seedlings  in  these  beds  had  a  deep,  rich  green  in 
August.  The  seedlings  in  the  few  beds  where  screens  were  not  used 
had  not  quite  so  dark  a  color,  but  looked  hardy.  Some  protection  from 
the  sun  throughout  the  latter  part  of  June,  all  of  July  and  August,  and 
the  first  part  of  September  is  advisable  in  this  coimtry,  as  the  results 
show.  It  will  therefore  be  seen  that  the  seedlings  even  imder  the  best 
of  conditions  have  a  very  severe  struggle,  so  it  is  not  to  be  wondered  at 
that  the  areas  where  direct  sowing  was  done  by  the  Forest  Service  in 
the  winter  of  1910-1911  and  the  spring  of  1911  do  not  show  a  good 
stand  of  seedlings. 

A  ten-acre  plantation  set  out  by  the  State  of  Michigan  in  the  spring 
of  1904,  with  two-year-old  Scotch-pine  stock  from  the  Waukegan,  111., 
nurseries,  planting  about  a  thousand  seedlings  per  acre,  is  doing  beau- 
tifully. This  is  the  oldest  plantation  the  State  has.  The  stock  is  all 
well  above  the  brush  now  and  makes  splendid  growth  each  year. 

Another  tract  of  sixty  acres,  planted  in  the  spring  of  1906  to  two- 
year-old  Scotch-pine  stock  believed  to  have  been  raised  at  the  Higgins 
Lake  Nursery,  and  planted  about  a  thousand  per  acre,  is  coming  on 
fairly  well,  in  spite  of  the  fact  that  the  trees  were  planted  in  heavier 
brush.  The  death  rate  here,  however,  was  considerably  more  than  in 
the  1904  tract,  where  about  90  per  cent  lived. 

The  State  has,  in  addition,  approximately  ten  acres  scattered  about 
in  very  small  plots,  planted  in  the  spring  of  1905,  1906,  1907,  and  1908 
by  the  former  Forestry  Commission. 


^   I 
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The  white-pine  seedlings  planted  by  the  State  in  the  spring  of  1911 
on  cut-over  lands  near  the  State  Nursery  are  struggling  through  the 
heavy  underbrush  around  them.  A  good  percentage  was  still  alive  at 
the  time  the  writer  was  there,  but  it  was  too  early  to  make  an  accurate 
count  They  were  planted  by  the  "slit  system,"  a  specially  devised  tool 
planned  by  State  Forester  Schaaf  being  used  for  making  the  slits.  The 
tool  consists  of  a  flat  piece  of  iron  half  an  inch  thick  by  three  inches 
wide,  sharpened  at  one  end.  A  step  is  riveted  to  the  upper  side  to  use 
in  pressing  it  into  the  ground  with  the  foot,  and  a  stiff  piece  of  iron 
pipe  is  attached  to  the  upper  end  to  use  as  a  handle.  A  spade  is  too 
fragile  an  article  to  use  in  making  the  slits  in  the  soil,  as  was  discovered 
several  years  ago  by  the  State,  and  again  proved  to  be  the  case  on  the 
Michigan  forest  in  the  spring  of  1911.  Instead  of  .tramping  the  earth 
about  the  plants  with  the  heel  at  Higgins  Lake,  they  made  one  slit  in 
which  the  plant  is  put,  and  then  two  slits  alongside  parallel  to  the  first 
one,  pressing  the  earth  toward  the  plant  and  thus  closing  up  the  dirt 
arount  it.  This  leaves  a  little  hole  a  few  inches  from  the  plant,  but  not 
close  enough  to  it  to  allow  it  to  dry  out.  It  also  packs  the  dirt  firmly 
around  the  plant,  which  is  of  particular  importance  in  this  dry,  sandy 
soil. 

The  "slit  system'^  has  the  advantage  of  being  over  50  per  cent  faster 
than  using  a  mattock,  but  has  a  great  disadvantage — the  grass  and 
weeds  cannot  be  cleared  from  around  the  plant  so  easily  as  they  can  be 
when  the  mattock  is  used.  To  my  mind  the  mattock  is  the  more  satis- 
factory tool  to  use  if  the  seedlings  are  planted  with  care  and  enough  pains 
are  taken  to  press  the  dirt  compactly  around  them. 

No  planting  on  the  Marquette  forest  has  been  done  yet,  but  some 
broadcast  seeding  of  Norway  pine  and  jack  pine  and  some  "seed-spot" 
sowing  of  Norway  pine  was  tried  on  that  forest  in  the  spring  of  1911. 
As  on  the  Michigan  forest,  however,  the  sun  was  too  hot  for  the  tender 
seedlings.  In  the  latter  part  of  June  and  early  part  of  July  the  sun 
scorched  and  killed  them.  Upon  the  Michigan  forest  the  Norway-pine 
seed  sown  in  the  "seed-spots"  showed  a  remarkable  per  cent  of  germina- 
tion in  May. 

With  our  present  knowledge,  therefore,  the  plan  is  to  grow  Scotch 
and  Norway-pine  seedlings  in  seed-beds,  and  to  buy  Scotch  and  Norway- 
pine  seedlings  for  planting  out  on  the  "plains."  Scotch-pine  seed  can 
be  secured  cheaply  from  abroad  and  grown  in  seed-beds  at  a  compara- 
tively low  cost,  and  the  Norway  pine  wild  stock  from  three  to  six  years 
old  from  Minnesota  promises  well.  Planting  should  be  done  at  six  or 
seven  dollars  an  acre,  and  this  is  far  surer  and  cheaper  than  broad- 
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casting  seed  costing  over  three  dollars  a  pound  or  planting  it  in  ''seed- 
spots." 

From  the  work  so  far  done  it  appears  possible  to  draw  four  fairly 
definite  conclusions: 

(1)  Planting  home-grown  nursery  stock  or  thrifty  wild  stock  which 
can  be  definitely  secured  before  snow  leaves  promises  the  most  satis- 
factory results  and  is  cheaper  than  broadcasting  or  seed-spots. 

(2)  Broadcasting  is  a  waste  of  time  and  money  on  the  dry,  hot,  sandy 
lands. 

(3)  White  pine  promises  little  success  on  the  driest  sandy  lands. 

(4)  Scotch  pine  promises  most  and  Norway  pine  next. 


INTEREELATION  BETWEEN  BKUSH  AND  TREE  GROWTH 
OP  THE  CRATER  NATIONAL  FOREST,  OREGON 

BY  UABOLD  D.  FOSTER 
(Contributed) 

SCOPE  OF  THE  STUDY 

The  data  which  forms  the  basis  of  this  study  is  the  result  of  notes 
and  observations  taken  in.  connection  with  other  work  and  is  necessarily 
somewhat  general  in  its  scope  and  restricted  in  its  range.  It  is  believed, 
however,  that  the  regions  studied  may  be  considered  as  typical  of  condi- 
tions on  the  Crater  National  Forest,  exclusive  of  the  watersheds  of  Ash- 
land Creek  and  Applegate  River.  These  watersheds,  which  are  in  the 
Siskiyou  Mountains,  present  some  features  which  in  some  respects  vary 
from  conditions  as  found  in  the  main  part  of  the  Crater  National  Forest, 
which  comprises  the  southern  extremity  of  the  Cascade  Range,  as  is 
noted  below.  This  study  is  concerned  only  with  the  portion  of  the  Crater 
National  Forest  within  the  Cascade  Mountains.  In  the  discussion  men- 
tion will  be  made  of  the  alpine,  transition,  and  slope  types  of  forest. 
These  terms  correspond  to  the  alpine,  upper  sIoikj,  and  lower  slope  types 
of  my  annual  silvical  report  of  February  18,  1911. 

DEFINITION   OF  BBUSII 

There  is  some  confliction  evident  in  the  local  use  of  the  term  "brush" 
which  necessitates  a  definition  of  terminology  at  the  outset  to  avoid  con- 
fusion. The  terms  ^T)ru8h"  and  "chaparral"  are  commonly  used  indis- 
criminately in  local  parlance  to  denote  areas  covered  wholly  or  in  part 
by  brush  growth,  whether  or  not  there  is  some  scattering  timber  in  the 
area.  Such  areas  are  more  commonly  called  "brush,"  though  "chaparral" 
is  also  occasionally  heard  to  denote  the  same  condition.  "Chaparral"  is 
usually  understood  locally  to  denote  a  particular  species  of  shrub  rather 
than  an  ecological  classification,  but  is  applied  to  several  species  without 
any  phylogenetic  or  taxonomic  relation. 

The  definitions  as  given  by  Mr.  Fred  G.  Plummer  in  Bulletin  85  of 
the  Forest  Service,  entitled  "Chaparral,"  will  be  accepted  for  the  purpose 
of  this  study.  On  page  8  Mr.  Plummer  thus  defines  "chaparral^^  and 
"brushland" : 

(212) 


INTERRELATION  BETWEEN  BRUSH  AND  TREE  GROWTH     213 

^Chaparral. — An  area  whose  permanent  and  mature  crop  is  a  mixed 
forest  of  stunted  trees,  resulting  from  certain  climatic  conditions  which 
produce  sclerophyllous  or  hard-leaved  dwarfs.  In  the  United  States  it  is 
found  in  heath  scrub,  maqui,  shrub  steppe,  etc.,  which  are  peculiar  to 
sclerophyllous  woodland  regions  in  other  countries." 

"Brushland. — An  area  whose  crop  is  low  trees  or  shrubs  having  no 
commercial  value.  The  occurrence  of  brush  creates  a  distinct  type,  but 
all  land  supporting  brush  does  not  belong  to  the  type.  When  brush 
occurs  under  a  cover  of  large  trees  in  the  form  of  undergrowtli,  under- 
brush, or  thicket,  the  classification  is  either  timberland  or  woodland. 
Brush  may  temporarily  form  an  exclusive  cover,  owing  to  the  removal 
of  large  trees  from  the  area,  but  such  a  temporary  cover  of  brush  does 
not  remove  the  land  from  the  type  to  which  it  previously  belonged. 
When  this  temporary  cover  includes  some  of  the  species  which  are  found 
in  true  chaparral,  its  form  may  be  termed  mock  chaparral." 

Accepting  these  definitions,  there  is  no  true  chaparral  on  the  Crater 
National  Forest  unless  perhaps  on  some  of  the  hot,  dry  slopes  of  the 
Applegate  watershed,  where  a  xerophytic  type  is  encountered  which  ap- 
pears to  be  original  and  permanent. 

Considering  exclusively  that  portion  of  the  Crater  National  Forest 
within  the  Cascade  Mountains,  there  is  no  true  chaparral.  Brush  occurs 
very  generally  throughout  the  forest,  occasionally  forming  an  exclusive 
cover,  but  as  shown  below  there  is  evidence  that  this  condition  is  tem- 
porary in  character  and  consequently  not  to  be  considered  as  an  eco- 
logical type,  but  rather  as  a  transitional  phase  in  the  history  of  a  forest 
type. 

COMPOSITION  OF  BRUSH 

The  following  is  a  partial  list  of  shrubby  plants  or  small  trees  which 
enter  in  greater  or  less  proportion  in  the  composition  of  brush  areas  and 
heavy  undergrowth  in  forest : 

Adenostoma  fasciculatum  GauHhena  shallon 

Arctostaphylos  Pachysfinia  mj^sinites 

Castanopsis  chrysophylla  Primus 

Ceanothus  Quercus  douglaaii 

A  melanch ier  Rh am  n us  pu rsh  iana 

Arbutus  menziesii  Rhus  diversoloha 

Berheris  aquifolium  Salix 

Cercocarpus  parvifolius  Spirea 

Comus  Vaccinium 
Corylus  calif ornica 

Of  these  only  the  first  four  are  important  as  forming  an  exclusive 
cover,  or  occurring  in  forest  in  sufficient  density  to  affect  seriously  the 
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silvical  conditions  of  the  forest  Of  these  four  Ceanothus,  called  locally 
by  the  names  of  "snowbrush"  or  "slick-leaf,"  is  the  most  important  as 
having  a  wider  geographical  range  and  forming  a  large  part  of  the  brush 
on  areas  denuded  or  thinned  by  fire.  Species  of  this  genus  are  particu- 
larly difficult  to  identify,  especially  inasmuch  as  they  hibridize  freely, 
but  it  is  thought  that  C  velutiniis  and  C,  sanguineus  are  the  principal 
species  found  in  brushland. 

DISTRIBUTION   OF  BRUSH 

Several  factors  influence  the  distribution  of  brush  aside  from  the  pres- 
ence or  absence  of  forest  or  the  density  of  the  forest  in  which  it  may 
occur  as  underbrush.  In  the  vicinity  of  Four  Mile  Lake,  though  the 
forest  (of  the  alpine  type)  is  rather  open,  there  is  relatively  little  under- 
brush, while  to  the  east,  on  the  watershed  of  Four  Mile  Creek,  which  is 
the  outlet  of  the  lake,  Ceanothus  is  very  thick  in  the  transition  and  slope 
types  of  forest. 

The  same  causes  which  have  contributed  to  the  differentiation  of  forest 
types  may  be  assigned  to  the  presence  or  absence  of  brush  in  these  two 
typical  regions,  which  lie  but  a  few  miles  distant  from  each  other.  In 
other  words,  the  altitude,  exposure,  the  long  cold  winters  and  short  grow- 
ing period,  which  adapt  the  region  of  Four  Mile  Lake  to  the  alpine  rather 
than  the  transition  or  slope  type,  conspire  also  to  unfit  the  locality  for 
the  production  or  perpetuation  of  brush.  In  fact  one  of  the  character- 
istics 9f  the  alpine  type  of  forest  is  the  absence  of  brush  areas  or  of  any 
form  of  undergrowth  save  such  low-growing,  hardy  plants  as  Vaccinium. 
It  may,  therefore,  be  said  that  brush,  save  as  a  thin  ground  cover,  does  not 
occur  in  the  alpine  type.  For  this  reason  any  brush-covered  areas  on  the 
upper  slopes  or  ridges  may  be  safely  classified  in  the  transition  type,  since 
undoubtedly  the  forest  which  originally  occupied  the  site  was  of  this  type 
rather  than  the  alpine  type. 

The  several  species  which  enter  into  the  composition  of  brushlands 
have  somewhat  diverse  climatic  and  site  requirements  which  further  re- 
strict the  geographical  range  of  each.  Thus  Arcfostaphylos  constitutes 
the  majority  of  the  brush  growth  on  Cat  Hill  on  a  thin-soiled  west  ex- 
posure on  the  west  slope  of  the  mountains,  while  on  the  east  side  of  the 
divide  this  genus  occurs  only  scatteringly  as  single  individuals  in  brush 
areas  or  as  undergrowth  in  forest  and  does  not  reach  elevations  above 
5,500  feet.  Ceanothus,  on  the  other  hand,  occurs  on  all  slopes  on  both 
the  east  and  west  sides  of  the  divide,  in  tlie  slope  and  transition  types,  to 
the  upper  limit  of  the  transition  type. 
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Casttmopsis  chrysophylla  occurs  as  a  secondary  species  in  brushlands 
on  both  sides  of  the  divide,  on  thin,  dry  soils,  though  it  is  more  frequently 
encountered  on  west  slopes  on  the  west  side  of  the  summit.  Under  fav- 
orable conditions,  in  dense,  cool  forest,  with  deep,  damp  soil,  Castanopsia 
assumes  a  treelike  form,  with  a  diameter  of  some  8  or  12  inches. 

Adenostoma  fasdculaium  is  unimportant  in  the  Cascades,  occurring 
in  dry  soil  in  the  vicinity  of  Klamath  Lake,  as  a  sparse  undergrowth  in 
the  open  yellow-pine  forest;  but  on  the  Applegate  Eiver  watershed,  in 
the  Siskiyou  Mountains,  it  constitutes  a  true  chaparral  on  hot,  dry  moun- 
tain slopes. 

It  will  thus  be  seen  that  forest  types  are  characterized  not  only  by  their 
tree  species,  but  equally  so  by  the  brush  growth  occurring  in  each ;  while, 
as  is  equally  true  of  tree  species,  some  species  may  have  a  wide  distribu- 
tion in  various  aspects  and  in  dijfferent  types,  others  are  more  restricted 
in  situation  by  reason  of  their  several  requirements. 

CLASSIFICATION  OP  BRUSH 

Bearing  in  mind  that  on  the  Crater  National  Forest  there  is  no  true 
brushland  in  the  sense  as  defined  by  Mr.  Plummer,  but  that  the  presence 
of  brush  is:  an  evanescent  stage  in  the  life  history  of  the  forest,  we  may 
classify  brushy  areas,  for  convenience  of  study  and  description,  into  three 
types,  as  follows: 

1.  Areas  on  which  brush  growth  is  the  only  cover  or  in  which  tree 
growth  is  present  only  as  scattered  saplings  and  seedlings. 

2.  Areas  which  are  occupied  by  a  cover  of  brush  with  an  occasional 
large  tree. 

3.  Forested  areas  with  underbrush  dense  and  tall  enough  seriously  to 
impede  reproduction. 

Of  the  first  class,  Cat  Hill  may  be  taken  as  typical.  On  the  area  chosen 
for  Experiment  No.  4  practically  every  aspect  is  presented,  owing  to 
numerous  gulches.  The  general  slope,  however,  is  westerly.  Before  the 
"Cat  Hill  fire*^  of  1910  the  soil  was  occupied  by  a  very  heavy  growth  of 
mountain  manzanita,  chinquapin,  snowbrush,  mountain  ash,  cherry, 
aspen,  and  willow.  About  one-half  of  the  brush  growth  was  manzanita, 
the  balance  being  chinquapin,  and  the  other  species  occurring  in  small 
scattered  patches.  On  the  northerly  slopes  and  in  the  gullies  the  brush 
was  mostly  of  chinquapin,  which  here  grew  7  or  8  feet  tall  and  very  thick. 
On  the  southerly  aspects  and  on  the  summits  the  brush  was  largely  of 
manzanita,  on  the  top,  where  the  soil  is  thin,  being  only  about  4  feet  high 
and  not  thick. 
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A  hasty  examination  of  the  area  would  lead  to  the  conclusion  that 
there  was  no  arborescent  reproduction.  In  fact  the  site  was  chosen  as  an 
experimental  planting  area  after  a  reconnaissance  of  the  region,  largely 
because  of  this  apparent  total  lack  of  trees.  There  were  found  to  be, 
however,  half  a  dozen  trees  of  lodgepole  pine  and  white  fir  tall  enough  to 
appear  above  the  brush,  while  there  are  no  seed-bearing  trees  of  any 
species  within  a  quarter  of  a  mile  or  so  of  the  experiment  plot  except  in 
the  canyon  north  of  the  area.  Moreover,  a  careful  examination  at  the 
time  of  seeding  revealed  the  fact  that  scattered  over  the  area  were  young 
trees  ranging  up  to  3  feet  in  height  in  surprising  numbers  in  view  of  the 
fact  of  the  great  distance  of  seed  trees.  Nowhere,  however,  were  the 
seedlings  abundant.  The  species  represented  in  the  order  of  their  abun- 
dance were  white  fir,  lodgepole  pine,  Douglas  fir,  mountain  hemlock, 
sugar  pine,  yellow  pine,  and  Engelmann  spruce.  The  yellow  pine  and 
spruce  were,  however,  very  scarce,  only  a  few  individuals  of  each  species 
being  found. 

An  old  resident  furnishes  the  information  that  30  years  ago  Cat  Hill 
was  bare  of  either  brush  or  timber.  Very  few  charred  logs  were  found, 
but  enough  to  indicate  that  the  slope  was  once  covered  with  a  forest 
which  must  have  been  destroyed  by  fire  many  years  ago.  Fire  again 
spread  over  the  slope  in  1910,  killing  the  brush  to  the  roots.  This  was, 
however,  only  a  temporary  setback,  since  the  brush  lias  vigorously  cop- 
piced from  the  roots.  The  scattering  reproduction,  however,  was  annihi- 
lated. The  winter  following  the  fire  extensive  seeding  operations  were 
conducted  on  Cat  Hill,  but  the  result  has  been  far  from  satisfactory. 

Numerous  brush  areas  similar  to  Cat  Hill  occur  in  various  parts  of  the 
Cascade  Mountains  within  the  Crater  National  Forest,  but  there  are  few 
as  large  as  the  Cat  Hill  burn. 

Of  the  second  class,  areas  which  are  occupied  by  a  cover  of  brush  with 
an  occasional  large  tree,  a  slope  east  of  Lake  of  the  Woods  is  typical.  It 
is  a  high  west  slope  lying  above  a  transition  forest,  in  which  Douglas  fir, 
white  fir,  and  noble  fir  are  the  predominant  species,  and  in  which  yellow 
pine  is  entirely  absent.  It  consists  of  a  large  brush-covered  area  with 
scattering  trees  of  yellow  pine  and  white  fir — trees  of  the  lower-slope 
type.  The  yellow  pine  forms  the  major  portion  of  the  scattering  stand, 
and  the  trees  of  this  species  are  very  tall  and  cylindrical.  What  little 
reproduction  there  is  consists  of  white  fir  and  yellow  pine.  The  brush  is 
the  ubiquitous  Ceanothus,  with  small  clumps  of  Salix.  The  trees,  though 
very  scattering — two  to  five  per  acre — are  sufficiently  large  to  constitute 
a  stand  of  4,000  feet  per  acre. 

Of  Class  3  the  forest  of  Four  Mile  Creek  watershed  is  typical.    Here 
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is  a  forest  of  white  fir,  yellow  pine,  and  Douglas  fir  of  8,000  to  30,000 
feet  per  acre.  The  cover  is  open  to  broken ;  the  brush,  which  is  almost 
entirely  of  Ceanothus,  is  very  heavy ;  the  reproduction  of  tree  species  is 
scanty,  occurring  only  in  spots  devoid  of  brush.  This  is  the  character- 
istic forest  of  the  slope  type  on  the  east  side  of  the  Cascade  Mountains. 
Everywhere  are  evidences  of  fire  appearing  as  charred  fallen  trees, 
scarred  butts  of  living  trees,  and  disease  and  deformation  in  the  trees. 

Some  of  the  forests  are  free  or  almost  free  of  brush.  This  condition 
is  common  in  the  alpine  type  for  reasons  stated  above.  In  dense  stands 
of  lodgepole  pine  the  cover  is  evidently  too  dense  and  the  trees  stand  so 
close  together  that  there  is  no  room  for  undergrowth.  In  the  very  dense 
forests  near  Fish  Lake,  which  average  48,000  feet  per  acre,  there  is  an 
understory  of  western  yew  with  some  little  dogwood.  This,  however,  h 
rather  in  the  nature  of  an  underwood  than  underbrush,  since  the  species 
forming  the  understory  are  treelike  in  nature.  This  is  practically  the 
only  undergrowth  in  forests  of  this  description.  The  cover  is  very  dense, 
not  admitting  sufficient  light  for  underbrush.  The  soil  is  damp  and  the 
dead  and  fallen  trees  are  soggy  and  moss-covered  even  in  midsummer. 
There  is  no  evidence  of  fire  having  ever  been  in  this  forest. 

CAUSES  OF  THE  PRESENCE  OP  BRUSH 

The  density  of  the  forest  cover  seems  to  be  a  principal  factor  in  the 
presence  or  absence  of  brush.  Other  factors,  such  as  humidity  and  depth 
of  soil,  exposure,  and  aspect,  play  an  important  part  in  determining  the 
species  that  constitute  the  brush.  Some  species  also  are  less  tolerant  of 
shade  than  others,  so  that  a  forest  that  would  support  an  underbrush  of 
huckleberry  may  be  too  dense  for  Ceanothus,  though  the  altitude,  soil, 
and  climate  might  not  be  adverse  to  the  latter  species.  Western  yew  ap- 
pears to  thrive  in  the  densest  shade,  provided  'it  has  sufficient  soil  mois- 
ture ;  but  yew  does  not  constitute  an  element  in  the  typical  underbrush 
or  brushy  areas  of  the  Crater  National  Forest.  Moreover,  as  shown 
below,  fire  appears  to  extend  the  range  of  brush  areas,  while  yew  is  very 
easily  killed  by  fire.  Yew  is  found  only  in  forest  too  dense  to  support 
brush. 

The  indications  are  that  direct  sunshine  is  not  so  essential  to  brush  as 
diffused  light.  In  canyons  and  on  north  slopes  where  there  is  little  direct 
sunshine  there  is  often  considerable  brush,  providing  there  is  little  or  no 
shading  from  overhead  trees.  But  on  flats  or  southern  exposures,  where 
without  forest  the  sunlight  would  be  intense,  there  is  often  no  brush  if 
the  forest  cover  is  heavy,  while  on  the  other  hand  it  will  persist  under  a 
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fairly  dense  canopy  so  long  as  a  modicum  of  overhead  sunlight  filters 
through  the  foliage  to  supplement  the  diffused  light  that  enters  from  the 
side  in  a  moderately  dense  stand.  Forest  cover,  then,  seems  to  be  directly 
responsible  for  the  amount  of  underbrush  present.  It  is,  however,  a  diffi- 
cult matter  to  state  just  how  much  overhead  shading  the  brush  will 
endure,  since  it  is  a  difficult  matter  to  measure  the  amount  of  shade. 
Perhaps  the  best  method  is  to  express  it  in  terms  of  percentage  of  sky 
visible  to  an  observer  standing  in  the  forest.  Thus  when  no  cover  is 
present,  as  in  a  stand  of  seedlings  or  open  brush  area,  the  shade  would 
be  0  per  cent,  the  percentage  increasing  with  the  increase  in  the  cover. 
In  similar  manner  the  amount  of  brush  may  be  measured  in  terms  of 
percentage  of  bare  ground  visible  to  the  eye  looking  down  from  above  the 
brush,  on  the  assumption  that  the  brush  does  not  exceed  in  height  the 
level  of  the  eye.  In  general  terms,  then,  the  amount  of  brush  may  be  said 
to  be  in  inverse  proportion  to  the  amount  of  overhead  shade  cast  by  the 
forest  cover.  This  rule  is,  however,  modified  by  such  local  conditions  as 
altitude,  soil,  climate,  and  aspect.  More  specifically,  in  localities  other- 
wise favorable  to  brush,  there  is  practically  no  underbrush  when  the 
forest  cover  exceeds  80  per  cent. 

So  far  as  I  have  observed,  there  is  nowhere  any  Ceanothus,  which  is  by 
far  the  most  prevalent  species  in  brush  areas  and  as  underbrush,  where 
there  is  no  evidence  of  forest  fires.  I  have  noticed  many  instances  in  the 
alpine  type  where  the  forest  has  been  injured  or  even  destroyed  by  fire, 
and  outside  as  well  as  inside  the  alpine  type,  where  the  type  has  been 
modified  to  a  pure  lodgepole  pine  stand  through  the  agency  of  fire,  in 
which  there  is  little  brush  of  any  kind  and  no  Ceanothiis.  In  other 
words,  forest  fires  are  not  always  followed  by  the  extension  of  this  spe- 
cies. The  great  Cat  Hill  burn  came  up  largely  to  manzanita  and  chin- 
quapin instead  of  Ceanothus,  But  I  have  not  found  a  region  in  which 
this  genus  is  abundant  which  failed  to  show  evident  signs  of  the  action 
of  forest  fires.  Areas  burned  over  in  all  degrees  of  severity  and  each  fol- 
lowed by  the  appearance  of  Ceanothus  are  to  be  found  on  the  east  side  of 
the  Cascade  Mountains.  On  the  east  slope  of  Black  Butte  near  Lake  of 
the  Woods  is  a  patch  of  Ceanothus  brush  of  some  600  acres,  which  by  the 
presence  of  infrequent  charred  fallen  trees  gives  evidence  that  the  origi- 
nal forest  was  totally  destroyed  so  long  ago  that  the  charred  stubs  have 
long  since  fallen  and  almost  entirely  decayed. 

A  burn  of  more  recent  date  is  illustrated  in  Photograph  Xo.  85652. 
This  is  near  Pour  Mile  Lake.  Here  the  forest  was  totally  destroyed,  but 
the  charred  stubs  are  still  standing  among  the  Ceanothus  and  manzanita 
brush  which  succeeded  the  forest.  This  was  originally  a  transition  forest 
of  white  fir,  Douglas  fir,  and  noble  fir. 
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In  the  bum  on  the  westerly  slope  east  of  Lake  of  the  Woods,  which  is 
mentioned  above,  the  fact  that  the  few  yellow-pine  trees  still  standing 
are  fire^carred  leads  to  the  conclusion  that  they  are  remnants  of  the 
original  forest.  That  they  started  from  seed  scattered  subsequently  to 
the  datf  of  the  bum  is  not  at  all  likely,  for  they  are  evidently  several 
centuries  old,  and  the  nearest  yellow-pine  forest  is  many  miles  below  this 
area,  and  the  bum  is  bounded  above  by  an  alpine  type  and  below  by  a 
transition  type  in  neither  of  which  is  any  yellow  pine.  That  the  trees 
sprang  from  seed  from  the  original  forest  is  just  as  improbable,  for  a  fire 
hot  enough  to  destroy  even  the  veteran  seed  trees  would  certainly  destroy 
all  seeds  and  cones  lying  on  the  ground. 

In  the  slope-type  forest  on  Four  Mile  Creek  watershed  the  density  of 
the  cover  has  been  broken  and  the  stand  thinned,  though  not  destroyed, 
by  fire.  The  remaining  trees  are  everywhere  fire-scarred,  while  stag- 
beadedness,  cat-face,  and  dry  rot  have  further  decreased  the  value  of  the 
stand.  Ceanothus  brush,  which  requires  a  certain  amount  of  light,  has 
crept  in  and  is  now  very  thick. 

Adjoining  the  Four  Mile  Creek  watershed  and  stretching  southward 
toward  Lake  of  the  Woods  is  a  forest  of  the  same  type  and  approximately 
the  same  proportion  of  species.  Evidences  of  fire  are  fewer  here,  how- 
ever, the  forest  denser,  and  the  amount  of  brush  is  very  much  less.  As 
the  evidences  of  fire  increase,  the  density  decreases  and  the  amount  of 
Ceanothus  brush  increases  until  the  typical  condition  of  the  Four  Mile 
Creek  watershed  is  reached.  It  is  apparent  that  the  prime  cause  of  this 
condition  was  forest  fire,  which  thinned  the  stand  and  opened  the  canopy, 
making  it  possible  for  the  brush  to  survive  under  the  partial  shade. 

This  supposition  is  further  strengthened  by  the  observation  of  a  burn 
near  Lake  of  the  Woods.  In  this  instance  an  area  of  about  10  acres  was 
burned  over  rather  recently.  Cliarred  down  trees  and  stubs  are  in  evi- 
dence and  the  bases  of  the  remaining  trees  fire-scarred.  The  area  has  the 
same  characteristics  as  the  surrounding  forest  except  that  it  has  been 
thinned  by  this  recent  fire,  the  cover  is  more  open,  and  the  brush,  of 
Ceanothus,  is  heavy,  though  almost  lacking  in  the  surrounding  forest. 

BRUSH  IN  RELATION  TO  FOREST  REPRODUCTION 

The  number  of  forest  seedlings  in  brush  areas  seems  to  be  dependent 
upon  the  size  of  the  bmsh  patch  and  the  age  of  the  bum.  The  Cat  Hill 
bum  is  very  extensive,  and  yet  it  occurred  so  many  years  ago  that  forest 
seedlings  had  gained  a  foothold  from  natural  seeding,  though  growing 
very  slowly  under  the  dense  shade  of  the  bmsh.     Other  much  smaller 
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brush-covered  burns  have  been  observed,  in  which  no  forest  seedlings 
were  discernible.  The  reason  has  been  determined  in  a  number  of  cases 
to  be  the  more  recent  date  of  the  burn,  and  it  is  probable  that  this  is  true 
of  all  such  cases.  It  has  been  determined  that  at  least  eight  years  is 
required  to  seed  up  a  clear-cut  area  by  natural  means  in  the  yellow-pine 
forest,  and  it  is  probable  that  a,  much  longer  time  is  required  in  any  very 
extensive  burns. 

In  brush  of  the  second  class,  where  a  few  seed  trees  remain  after  the 
fire,  natural  reproduction  is  more  satisfactory,  and  still  more  so  in  forest 
thinned  but  not  destroyed  by  fire.  But  even  in  such  forest  natural  repro- 
duction is  often  very  unsatisfactory.  This  point  will  be  considered  in  tlie 
discussion  of  the  advantages  and  disadvantages  of  brush. 

BRUSH   ON   LOGGED  LANDS 

But  little  opportunity  is  presented  for  the  study  of  the  interrelation 
of  brush  and  tree  growth  on  logged-over  lands.  Timber  sales  on  the 
Crater  National  Forest  are  all  of  relatively  recent  date.  On  such  cut- 
over  areas,  which  have  invariably  been  conducted  on  the  selection  system, 
brush  was  originally  present  in  more  or  less  amount  on  some  and  totally 
lacking  on  others.  The  amount  of  brush  has  not  been  appreciably  in- 
creased on  any  of  these  areas,  though  in  a  few  years'  time  it  may  be 
found  to  have  increased  on  some.  It  is  probable  that  brush  requires 
several  years  to  become  established  after  logging,  as  does  natural  forest 
reproduction. 

On  an  area  near  Odessa,  in  the  open  yellow-pine  forest,  which  was  cut 
over  23  years  ago,  reproduction  has  come  in  abundantly  with  no  brush. 
The  reason  for  the  absence  of  brush  in  this  case  doubtless  is  due  to  the 
absence  of  brush  in  the  open  yellow-pine  forest  which  surrounds  the  cut- 
over  area.  The  locality  is  naturally  not  adapted  for  brush  and  is  sepa- 
rated from  any  brushy  areas  which  could  seed  it  after  the  forest  stand  had 
been  thinned. 

On  the  right  bank  of  Eecreation  Creek  is  another  oldcutting  which  was 
logged  at  about  the  same  time.  Here  the  Ceanothus  brush  is  heavy,  repro- 
duction very  scant,  and  evidences  of  fire  apparent.  The  brush,  however, 
appears  to  be  no  heavier  and  the  tree  seedlings  scarcely  less  numerous 
than  in  the  surrounding  virgin  forest,  which  has  been  thinned  and 
injured  by  recurrent  fires. 

The  data  available  is  too  scant  to  form  a  definite  conclusion,  though 
there  is  no  evidence  to  lead  to  the  belief  that  underbrush  is  increased  by 
logging,  as  it  obviously  is  by  thinnings  caused  by  fire. 
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On  the  other  hand,  the  amount  of  underbrush  is  often  very  appreciably 
lessened  by  logging  operations.  This  is  accomplished  principally  by  the 
construction  of  roads  in  places  previously  occupied  by  brush,  by  the  tear- 
ing action  of  skidding  and  hauling  logs,  whether  by  wagon  or  donkey 
engine,  and  also  to  some  slight  extent  by  brush  burning.  These  agencies 
are,  of  course,  equally  destructive  to  any  forest  reproduction  that  may  be 
present  in  the  brush. 

ADVANTAGES  AND  DISADVANTAGES  OF  BRUSH 

On  slopes  that  otherwise  would  be  devoid  of  vegetation  brush  areas  are 
of  great  importance  as  serving  to  conserve  the  water  supply  by  retarding 
the  run-off  and  evaporation  and  keeping  the  soil  loose.  After  total  de- 
struction of  a  slope  forest  by  fire,  many  years  are  necessary  for  natural 
reforestation,  but  the  more  rapid  establishment  of  brush  tides  over  the 
period  when  otherwise  the  slope  would  be  barren  and  preserves  the  soil  in 
fit  condition  for  reforestation.  It  also  serves  to  furnish  a  partial  shade 
to  the  forest  seedlings,  which  may  be  introduced  through  natural  means 
or  artificially,  protecting  them  in  early  youth  from  the  severity  of  the 
direct  rays  of  the  sun  and  from  the  drying  action  of  hot  winds  or  the 
cold  blasts  of  winter  storms  until  they  are  old  enough  and  strong  enough 
to  withstand  adverse  climatic  conditions.  As  the  trees  push  their  crowns 
above  the  brush  they  in  turn  shade  it,  and  if  the  new  stand  is  sufficiently 
dense  it  will  eventually  destroy  or  greatly  reduce  the  underbrush. 

There  is,  however,  more  danger  that  brush  may  hinder  rather  than  aid 
reproduction.  It  is  often  so  dense  as  either  to  preclude  it  or  retard  its 
growth.  It  occasionally  whips  the  young  trees,  as  it  is  swayed  in  storms, 
so  as  to  destroy  the  tree  buds. 

Brush  in  forest  makes  travel  difficult  off  from  the  usual  traveled  trails, 
while  brush-covered  burns  are  practically  impassable  even  to  the  traveler 
on  foot.  This  is  not  only  inconvenient,  but  often  of  great  concern  in 
patroling  the  forest  or  in  quickly  traveling  to  a  forest  fire.  In  fojests 
choked  with  underbrush  or  in  large  brush-covered  areas  it  is  necessary  to 
have  a  network  of  trails  in  order  to  make  the  country  accessible,  while 
in  the  open  yellow-pine  forest  free  from  brush  it  is  possible  to  travel  in 
almost  any  direction  even  if  trails  are  not  numerous.  Trails  are  not  so 
essential  in  dense,  moist  forest,  owing  to  the  lesser  fire  hazard,  although 
travel  may  be  equally  difficult,  while  forests  in  which  the  underbrush  is 
thick  are  usually  particularly  susceptible  to  fire.  Such  forests  are  rather 
open,  the  soil  is  dry,  and  fire,  which  originally  brought  them  to  this 
condition,  is  more  than  ever  likely  to  recur. 
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The  brush  in  itself  may  or  may  not  increase  the  fire  risk.  Fire  spreads 
very  slowly  through  green  Ceanothus  brush,  and  a  surface  fire  originating 
in  open  forest  is  often  checked  when  it  reaches  a  patch  of  green  Ceano- 
thus.  Other  species,  such  as  manzanita,  whose  leaves  and  wood  contain 
a  natural  oil,  may  greatly  aid  in  the  spread  of  a  forest  fire.  The  Cat 
Hill  fire  of  1910  originated  in  the  manzanita  brush  and  spread  with 
incredible  velocity  to  the  timber. 

Great  difficulty  is  experienced  in  trenching  for  backfiring  in  a  brush- 
covered  area  or  in  a  forest  with  heavy  underbrush.  The  closely  inter- 
laced roots  and  the  tangle  of  shoots  offer  a  serious  obstacle  to  the  manipu- 
lation of  tools,  while  a  ground  fire  smoulders  for  a  long  time  among  the 
roots. 

METHODS  OF  DECREASING  OR  DESTROYING  BRUSH 

Although  brush  as  a  ground  cover,  especially  on  deforested  areas  and 
as  a  partial  shade  for  seedlings,  has  undoubted  utility;  in  some  cases  it 
is  a  serious  hindrance  in  the  protection  or  extension  of  the  forest.  Even 
on  deforested  areas  its  value  as  a  protective  cover  is  not  greater  than  that 
of  a  commercial  forest  which  might  much  better  occupy  the  site.  It 
therefore  is  desirable  to  devise  some  method  to  control  it,  and  the  object 
that  the  forester  has  in  mind  will  often  determine  or  at  least  restrict  the 
method  to  be  followed. 

Several  natural  means  of  reducing  or  destroying  brush  are  at  the  dis- 
posal of  the  forester.  Fire  rarely  if  ever  destroys  a  brush  cover  or  heavy 
underbrush.  Some  species  coppice  vigorously  from  the  roots,  particu- 
larly greasewood  and  Ceanothus,  while  almost  inevitably,  even  if  the 
coppicing  power  is  destroyed,  the  ground  is  restocked  from  seed  blown  in 
from  surrounding  brushy  areas.  The  rapidity  with  which  the  new  cover 
is  established  depends  on  several  factors,  such  as  the  severity  of  the  fire, 
the  proportion  of  species  in  the  original  stand  which  will  coppice,  the 
position,  distance,  and  proportion  of  species  in  neighboring  brush  stands. 
Even  if  not  destroyed  by  the  first  fire,  the  vitality  of  the  brush  is  reduced 
and  subsequent  fires  may  entirely  eradicate  it. 

This  method  of  destroying  brush  can  never  be  used  artificially  on  this 
forest.  A  fire  hot  enough  to  kill  underbrush  would  greatly  injure  the 
forest,  while  in  a  non-forested  area  the  difficulty  of  controlling  a  brush 
fire  would  be  almost  insuperable.  It  would  be  next  to  impossible,  too,  to 
start  a  fire  in  green  brush  unless  in  such  inflammable  species  as  man- 
zanita. In  any  event,  firing  would  have  no  silvicultural  value  unless  re- 
peated often  enough  to  destroy  roots  as  well  as  shoots,  unless  the  first  fire 
were  promptly  followed  by  artificial  reforestation. 


I 
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The  fire  which  burned  the  brush  on  Cat  Hill  in  1910  retarded  its 
growth,  lessened  its  vitality,  and  let  in  more  light  by  killing  it  down  to 
the  roots.  It  thus  resulted  in  an  improved  seed  bed  for  the  seeding, 
which  was  done  the  following  fall  and  winter.  If  the  seeding  had  been 
successful  the  seedlings  would  undoubtedly  have  profited  by  this  buniing, 
since  they  would  have  been  able  to  get  a  start  in  heiglit  growth  before  the 
coppice  shoots  had  choked  them  out,  while  at  the  same  time  receiving 
sufficient  protective  shade  from  the  killed  and  leafless  twigs  of  the  burned 
brush.  But  the  reproduction  naturally  on  the  site  was  totally  killed,  so 
that  in  all  probability  the  fire  accomplished  as  much  damage  as  benefit. 

Another  natural  agency  in  reducing  or  destroying  brush  is  insect  in- 
festation. During  the  summer  of  1910  an  attack  of  some  unknown  insect 
of  the  order  Lepidoptera  was  observed.  The  larvae  were  black,  naked 
caterpillars,  which  literally  covered  the  Ceanothus  brush  on  a  broad  hill- 
side. A  few  weeks  later  the  brush  was  observed  as  entirely  defoliated 
and  the  insects  had  pupated.  A  short  time  afterward  the  imagos  had 
emerged  in  the  form  of  small  brown  moths,  while  the  new  leaves  were 
beginning  to  appear  on  the  brush.  It  was  very  evident  that  one  such 
attack  had  failed  to  kill  the  brush.  It  is  believed  that  repeated  defolia- 
tions would  so  devitalize  the  plants  as  to  kill  them,  though  it  is  doubtful 
if  such  a  defoliation  occurs  in  successive  years  or  sufficiently  often  to 
destroy  the  brush. 

One  of  the  slowest,  but  perhaps  the  surest,  natural  agencies  in  the  de- 
struction of  brush  is  the  formation  of  a  forest  cover,  and  this  is  a  method 
that  is  used  artificially.  On  such  brush  areas  as  the  Cat  Hill  burn,  where 
forest  tree  seedlings  were  present  naturally,  the  seedlings  would  in  time 
if  sufficiently  numerous  have  compassed  the  destruction  of  the  brush  by 
forming  a  dense  shade  over  it,  and  thus  killing  it  by  shutting  off  the  light. 

Several  methods  of  destroying  brush  by  artificial  means  are  apparent, 
though  each  has  certain  features  that  render  it  impracticable  or  of  re- 
stricted utility.  It  is,  however,  usually  neither  necessary  nor  desirable  to 
totally  destroy  the  brush,  at  least  until  after  a  satisfactory  forest  stand 
is  established,  when  the  shade  cast  by  the  forest  cover  may  be  depended 
upon  to  reduce  the  brush  sufficiently  to  do  away  with  its  adverse  features. 
It  sometimes  is  necessary,  however,  to  reduce  the  density  of  the  brush 
before  reforestation,  artificial  or  natural,  can  succeed. 

The  method  of  firing  has  been  touched  upon  and  its  impracticability 
discussed.  It  is  sometimes  possible,  however,  as  after  the  Cat  Hill  fire  of 
1910,  to  take  advantage  of  a  brush  fire  by  following  it  promptly  by 
planting  or  sowing. 

• 
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Another  quick  and  obvious  metliod  is  to  cut  down  or  thin  the  brush 
with  ax,  machete,  brush  hook,  or  pruning  shears,  and  to  pile  and  burn 
the  brush.  The  brush,  liowever,  would  coppice  as  it  does  after  a  fire,  so 
that  the  clearing  or  thinning  would  be  but  temporary  unless  repeated 
annually.  This,  however,  would  be  too  costly  to  be  practicable,  as  would 
also  grubbing  out  the  roots,  unless  the  cover  were  thin,  in  which  case  the 
method  of  planting  or  sowing  and  allowing  the  growing  trees  to  shade 
out  the  brush  would  be  sufficient. 

It  might  be  possible  to  herd  a  band  of  goats  on  brush  land  till  the 
animals  had  defoliated  the  bushes.  This  method  would  have  the  further 
advantage  of  preparing  the  soil  as  a  receptive  seed  bed  for  artificial  forest 
seeding  by  the  harrowing  action  of  the  goats'  hoofs.  It  seems  doubtful, 
however,  if  even  goats  would  browse  the  leaves  of  manzanita  or  Ceanothus 
without  a  preparatory  half -starving  process.  This  method,  as  in  the 
others  mentioned  above,  would  have  but  temporary  effect  unless  often 
repeated,  but  if  followed  promptly  by  seeding  or  planting  of  forest  trees 
might  be  successful.  This  method  would  be  best  adapted  to  a  forest  of 
thin  cover,  in  which  the  brush  is  too  dense  to  allow  sufficient  natural 
regeneration.  When  used  in  such  cai^es,  it  should  be  done  immediately 
before  the  dissemination  of  the  seed  from  the  parent  trees  in  a  year  of 
abundant  seed  production. 

This  method  of  inducing  natural  reproduction  has  been  successfHilly 
accomplished  by  Dr.  C.  A.  ScJienck  on  the  Biltmore  Forest  in  Xorth 
Carolina.  Dr.  Schenck  fenced  an  experimental  area,  in  which  he  con- 
fined some  half-starved  cattle  immediately  before  seeding  time.  The 
cattle  browsed  and  trampled  down  the  brush  and  harrowed  the  soil  with 
their  hoofs.  They  were  then  excluded  and  a  very  gratifying  seeding  of 
yellow  poplar  resulted,  where  before  the  reproduction  of  this  valuable 
species  was  very  unsatisfactory.  C'attle  or  even  sheep  would  not  accom- 
plish this  result  in  the  unpalatable  manzanita  and  Ceanothus  thickets  of 
the  Crater  National  Forest,  but  if  opportunity  presents  it  would  be  de- 
sirable to  experiment  with  goats,  for  there  seems  to  be  no  apparent  reason 
why  such  an  experiment  should  not  be  attended  with  satisfactory  results. 

The  area  of  the  Utter  and  Burns  timber  sale  on  Anna  Creek  is  a  forest 
of  overmature  yellow  pine,  with  a  lesser  proportion  of  white  fir.  The 
underbrush  of  Ceanothus  is  tall  and  usually  rather  thick.  Some  diffi- 
culty in  logging  was  anticipated  for  this  reason.  The  logs,  however,  were 
hauled  to  the  sawmill  by  high  wheels,  which  easily  rode  down  the  brush, 
while  the  ends  of  the  logs  dragging  on  the  ground  tore  up  the  brush  and 
pulverized  the  soil.  Enough  seed  trees  were  left  standing  for  natural 
reseeding  and  to  furnish  a  partial  shade  to  the  young  trees,  so  that  the 
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brush  was  not  needed  to  protect  the  seedlings  from  the  sun.  Conditions 
for  an  ideal  seed  bed  have  resulted  and  the  area  will  be  watched  with 
interest,  since  it  is  hoped  that  natural  seeding  will  be  greatly  stimulated. 

Five  methods  of  artificially  reducing  or  destroying  the  brush  on  old 
brush-covered  bums  or  in  forest  have  been  discussed — ^firing,  grubbing, 
slashing,  grazing,  and  logging.  The  first  of  these  has  been  dismissed  as 
entirely  impracticable  on  the  Crater  National  Forest.  The  others  may 
have  some  utility  on  restricted  areas,  principally  for  the  purpose  of  thin- 
ning or  reducing  the  brush  rather  than  totally  destroying  it,  but  the 
results  of  most  are  but  ephemeral.  Even  such  methods  as  appear  more 
thorough  and  permanent,  such  as  grubbing  and  the  secondary  results  of 
logging  operations,  should  be  followed  promptly  by  reforestation,  either 
natural  or  artificial,  in  order  that  the  new  cover  may  get  a  start  before  it 
is  choked  out  by  the  rapid  growth  of  root  coppice.  Even  if  the  brush  is 
totally  destroyed  artificially  or  naturally  the  area  should  be  reforested 
immediately  before  the  ground  has  dried  out  or  been  reseeded  naturally 
to  brush  from  adjacent  brush  areas. 

In  some  areas  the  brush  is  not  too  dense  seriously  to  interfere  with  the 
growth  of  the  tree  seedlings.  Eeforestation  may  then  be  accomplished 
artificially  or  through  natural  agencies  without  previous  preparation. 
Where  too  dense,  one  of  the  methods  outlined  above  may  be  resorted  to, 
though  it  is  rarely  if  ever  necessary  or  desirable  to  destroy  th6  brush 
totally.  Whether  the  brush  is  too  dense  for  the  successful  germination 
and  development  of  seedlings  can  only  be  determined  by  careful  observa- 
tion of  the  site  under  consideration  and  by  comparison  with  other  locali- 
ties. No  instructions  can  be  prescribed  for  all  cases,  since  other  factors, 
such  as  the  tolerance  of  the  tree  species  to  be  grown,  the  amount  of  seed 
to  be  sown,  or  number  of  plants  to  be  set  out,  or  the  number,  vigor,  and 
age  of  seed  trees,  have  an  important  though  varying  effect  on  the  success 
of  the  attempted  reforestation.  After  the  young  trees  have  pushed  above 
the  brush,  they  will  more  and  more  shade  it  until  it  perishes  from  want 
of  direct  sunlight  or  of  sufficient  intensity  of  diffused  light. 

Here,  then,  is  a  sixth  method  of  ridding  the  forest  of  brush.  It  and 
logging  are  the  only  ones  that  have  been  practiced  on  the  Crater  National 
Forest,  and  even  these  have  been  but  ulterior  results  of  operations  that 
had  more  or  less  different  objects. 
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BY  BEUOE  E.  HOFFMAN 
(Contributed) 

Sitka  spruce  (Picea  sitchensis)  is  well  known  to  be  the  most  valuable 
commercial  timber  tree  in  Alaska.  Its  soft,  straight-grained  wood  and 
the  general  large  sizes  attained  by  individuals  of  the  species  make  it  an 
excellent  saw  timber.  Approximately  90  per  cent  of  the  annual  cut  by 
Alaskan  sawmills  is  Sitka  spruce.  Other  native  species  form  a  larger 
percentage  of  the  forest,  yet  their  defects,  smaller  size,  and  inferior  wood 
qualities  place  them  low  in  the  scale  of  competition  for  construction  or 
box  purposes. 

Thus  I  have  briefly  stated  the  importance  of  the  species,  and  it  is 
needless  to  mention  any  reasons  why  special  attention  should  be  given  to 
the  spruce.  There  are  certain  natural  influences  encouraging  its  growth, 
while  on  the  other  hand  nature  has  furnished  the  forest  with  one  species 
(Western  hemlock)  that  proves  to  be  the  only  obstacle  to  a  future  forest 
having  the  spruce  as  its  predominating  species.  It  is  my  intention  to 
give  in  detail  its  local  habits  and  a  rough  outline  of  management  that 
may  be  a  step  toward  altering  the  forest  type  and  encouraging  the  regen- 
eration of  spruce. 

LOCAL  RANGE  AND  OCCURRENCE 

Sitka  spruce  occurs  throughout  the  forests  of  southeastern  Alaska. 
It  confines  itself  chiefly  to  low  elevations  along  valleys,  streams,  and  the 
lower  portions  of  mountain  slopes  where  it  associates  with  Western  hem- 
lock. Only  on  very  small  areas — say  from  one  to  two  or  three  acres — 
does  Sitka  spruce  occur  in  pure  stands.  The  upper  limit  of  merchant- 
able spruce  is  about  1,200  feet;  above  that  it  grows  more  or  less  small 
and  scrubby.  At  about  2,400-feet  elevation  there  are  but  very  few,  if 
any,  spruce  trees;  at  any  rate,  they  are  very  short  and  scrubby.  These 
elevations  limiting  different  types  of  the  species  vary,  and  generally 
become  lower  in  more  northerlv  sections  of  the  forest. 

The  forest  might  be  divided  into  three  tjrpes  in  general,  as  follows: 

1.  The  Lower-slope  and  Bottom-land  Type. 

This  type  includes  elevations  up  to  1,200  feet  and  the  low  land  along 
streams  or  along  salt  water,  called  bottom  land  for  convenience.    In 
(226) 
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general^  Western  hemlock  predominates  and  spruce  comes  second  in  the 
mixture.  Practically  the  same  conditions  exist  on  the  bottom  land  as 
on  the  slope,  except  that  the  hemlock  and  spruce  are  invariably  the  only 
species  present  on  the  former.  This  type  contains  practically  all  of  the 
merchantable  spruce  saw  timber.  Toward  the  upper  limit,  or  sometimes 
as  low  as  300  feet,  yellow  cypress  makes  its  appearance ;  in  fact,  the  bulk 
of  it,  as  far  as  ])resent  information  goes,  is  found  below  an  elevation  of 
1,200  feet.  Western  red  cedar  also  appears  in  largest  quantities  from 
about  200  feet  above  sealevel  to  1,200  feet. 

There  are  also,  in  many  instances,  muskegs  upon  which  a  low,  scrubby 
form  of  lodgepole  pine  grows. 

2.  The  Upper-slope  Type  (1,200  to  2,400  feet  elevation). 

Spruce  occurs  in  small  quantities  in  this  type,  and  seldom  reaches  a 
merchantable  size.  At  the  upper  limit  it  is  nearly  absent.  Western  hem- 
lock makes  a  healthy  growth  in  the  lower  part  of  the  type,  but  is  grad- 
ually replaced  by  moimtain  hemlock  (Tsuga  mertensiana) .  The  two 
latter  species  predominate.  Western  red  cedar  is  very  scarce  generally 
in  the  lower  portion  of  type,  and  only  a  few  scrubby  trees  reach  the 
upper  limits. 

3.  Timber-line  Type  (above  2,400  feet  elevaticm). 

In  this  type  the  scrubby  mountain  liemlock  predominates,  and  in  fact 
it  is  generally  the  only  species  present,  there  being  some  Western  hem- 
lock and  lodgepole  pine. 

STAND 

The  bulk  of  Sitka  spruce  in  the  lower-slope  type  is  mostly  in  small 
tracts  of  about  10  to  100  acres,  and  averages  from  10  to  90  thousand 
feet,  board  measure,  per  acre.  The  estimate  of  timber  on  tlic  Tongass 
National  Forest  is  placed  by  approximation  at  67  billion  feet,  board 
measure.  The  approximate  total  stand  of  Sitka  spruce,  considering  this 
species  to  constitute  15  per  cent  of  the  stand,  would  be,  in  round  num- 
bers, 10  billion  feet,  board  measure. 

HABIT 

Seedlings  of  Sitka  spruce  are  delicate  and  make  a  very  slow  growth 
for  the  first  two  or  three  years,  and  then  assume  a  vigorous  height 
growth  and  overtake  their  associates.  The  stem  tapers  rapidly,  espe- 
cially in  trees  growing  in  a  more  or  less  open  forest.     The  trunks  of 
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those  receiving  little  or  no  lateral  shade  are  very  branchy,  and,  when 
cut,  produce  a  very  knotty  grade  of  lumber.  Large  trees  are  often 
swollen  or  buttressed  at  the  base.  This  swollen  condition  exists  in  about 
50  per  cent  of  old  trees,  and  is  in  most  cases  due  to  the  fact  that  the 
seedling  made  its  growth  on  top  of  a  log  or  boulder.  In  other  instances 
the  swollen  portion  is  not  so  large  in  girth,  but  extends  further  up  the 
bole.     Generally  this  form  indicates  a  defective  base. 

Sitka  spruce  is  a  comparatively  long-lived  species,  the  mature  trees 
ranging  in  age  from  250  to  350  years,  while  certain  individuals  reach  an 
age  of  600  years.  It  is  a  persistent  grower  throughout  life.  Several 
sound  trees,  between  400  and  500  years  old,  noted  by  the  writer,  appear 
to  have  made  their  most  rapid  diameter  growth  between  the  ages  of  350 
and  400  years.  The  ordinary  dimensions  reached  by  the  species  vary 
from  30  inches  diameter  at  breast  height  and  90  feet  in  height  to  60 
inches  diameter  at  breast  height  and  125  feet  in  height.  Many  trees 
attain  a  breast  height  diameter  of  70  to  80  inches  and  a  height  of  150 
feet.  These  dimensions  do  not  include  any  swell  bases.  The  maximum 
height  attained  in  this  region  is  about  175  feet.  Exceptional  cases  have 
been  reported  from  reliable  sources  of  trees  containing  25,000  board  feet. 

The  root  system  is  shallow  and  spreading.  On  the  Rocky  Mountain 
slopes,  where  there  is  scarcely  any  loose  soil,  the  roots  lie  close  to  the 
surface  and  often  al)Ove  for  a  considerable  portion  of  their  length,  yet  the 
tree  grows  vigorously  and  develops  a  perfect  form.  On  the  deeper  soils 
at  the  foot  of  slopes  and  along  rivers  the  roots  lie  more  beneath  the  sur- 
face, but  not  below  a  shallow  depth.  No  reference  has  been  made  to  the 
wood  or  any  botanical  characteristics  for  the  reason  that  the  descriptions 
given  in  Sudworth's  "Trees  of  the  Pacific  Slope"  and  in  other  publica- 
tions apply  accurately  to  the  species  throughout  this  forest. 

TOLERANCE 

Sitka  spruce  is  fairly  tolerant  throughout  life.  Seedlings  make  an 
exceptionally  slow  growth  under  dense  shade,  especially  where  Western 
hemlock  seeds  heavily  at  the  same  time.  Where  abundance  of  sunlight 
is  present  for  the  first  two  or  three  years  after  seeding  takes  place  and 
the  slow  growth  completed,  the  young  trees  endure  shade  fairly  well  and 
compete  successfully  with  other  species  in  height  growth.  Later  in  life 
they  stand  shade  well,  and  invariably  outclass  all  associating  species  in 
height  growth. 

A  fully-stocked  stand  is  desirable  in  order  that  a  long,  clean  bole  may 
be  obtained.     The  Western  hemlock,  which  predominates  so  generally 
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with  the  spruce,  is  without  a  doubt  very  beneficial  in  furnishing  shade 
to  hasten  tbe  clearing  of  branches  of  the  more  valuable  timber  tree. 
The  hemlock  grows  more  slowly  in  later  life,  is  very  tolerant,  and  regen- 
erates freely  under  the  dense  shade  and  on  the  deep  humus  or  moss  that 
is  so  prevalent  under  dense  forests  in  Alaska.  The  clearing  of  branches 
in  closed  stands  occurs  between  the  ages  of  60  and  70  years. 

REGENERATION — SOIL  AND  CLIMATIC   INFLUENCES 

Although  Sitka  spruce  is  not  very  exacting  in  its  soil  requirements, 
its  hesi  reproduction  and  growth  requires  a  mineral  soil.  The  two  prin- 
cipal factors  in  the  quality  of  the  locality  governing  the  reproduction 
are  soil  and  sunlight.  This  species  may  be  classed,  in  this  portion  of 
Alaska  at  least,  as  the  one  demanding  very  little  rich  fertile  soil  for  its 
growth.  Wherever  landslides  have  occurred  and  the  mineral  soil  ex- 
posed, one  of  the  first  tree  species  to  spring  up  is  Oregon  alder,  and  as 
soon  as  it  has  grown  to  a  height  of  several  feet  the  spruce  has  formed  a 
dense  understorj'.  The  alder  growth  is  more  or  less  open  and  does  not 
materially  hinder  the  valuable  undergrowth.  On  areas  logged  by  steam, 
where  the  surface  is  torn  up  and  gravelly  soil  exposed,  spruce  seedlings 
spring  up  in  abundance  and  outstrip  any  of  the  local  associating  species 
in  growth.  Spruce  seed  will  germinate  and  grow  on  decayed  logs.  A 
small  percentage  of  young  seedlings  continues  to  grow  successfully  from 
this  source,  and  develop  into  the  large,  swell-buttressed  trees  that  make 
up  a  considerable  portion  of  the  stand,  while  a  majority  of  them  never 
grow  beyond  the  seedling  stage.  Along  tlie  rough,  rocky  slopes,  seed- 
lings of  this  species  spring  out  of  crevices  or  from  small  ledges  where  a 
small  quantity  of  soil  has  been  formed  from  disintegration.  Many  large- 
sized  trees  develop  in  such  places. 

All  of  the  above  conditions  are  influenced  by  the  quantity  of  light 
present,  of  course.  Wherever  the  soil  is  unfavorable  for  germination 
and  there  is  plenty  of  direct  sunlight,  many  seedlings  develop  success- 
fully. Where •  both  soil  and  light  conditions  are  favorable  the  spruce 
predominates.  Burned  areas  make  up  but  a  small  per  cent  of  the  forest 
area,  and  they  generally  occur  where  the  forest  consists  principally  of 
Western  red  cedar,  lodgepole  pine,  or  Western  hemlock.  There  is  usually 
a  deep  moss  soil  covering,  or,  in  many  instances,  the  muskeg  type  exists, 
which  is  seldom  burned  to  expose  any  mineral  soil.  Wliere  there  are 
any  live  spruce  seed  trees  on  burned  areas  whose  soil  has  burned  to  ex- 
pose the  mineral  constituents,  a  dense  reproduction  may  be  assured. 
The  chief  climatic  factor  favoring  the  regeneration  of  this  species  is  the 
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abundance  of  rainfall  and  of  fog.  The  average  annual  rainfall  for  south- 
eastern Alaska  is  about  125  inches,  and  this  is  so  generally  distributed 
that  there  is  little  opportunity  for  the  comparison  of  growth  under  wet 
and  dry  conditions.  The  excess  of  moisture  undoubtedly  is  the  chief 
factor  in  stimulating  growth  on  poor  soils.  Sitka  spruce  seems  to  receive 
a  benefit  in  some  way  from  ocean  fogs.  It  has  been  noticed  in  at  least 
two  cases,  where  there  is  a  very  heavy  and  healthy  stand  in  the  bottoms 
of  small  valleys,  that  fog  settles  more  frequently  than  in  the  surround- 
ing territory.  The  exceptionally  high  quality  of  the  timber  and  heavy 
stand  I  believe  tends  to  show  that  the  increased  humidity  is  the  most 
beneficial  factor  in  the  climate.  It  was  noted  in  each  instance  that  pro- 
tection was  afforded  against  cold  north  winds  and  the  maximum  amount 
of  sunlight  could  reach  the  south  slopes  for  a  greater  part  of  the  year. 

The  temperature  in  southeastern  Alaska  is  rather  moderate,  varying 
from  6  decrees  below  zero  in  the  vicinity  of  Ketchikan  to  a  considerably 
lower  degree  about  Juneau  and  Skagway.  The  lowest  temperature  at 
Ketchikan  for  years  was  in  the  months  of  December,  1910,  and  January 
and  February,  1911,  when  the  mercury  fell  to  9  degrees  below  zero.  The 
liighest  average  temperature  is  about  90  degrees  Fahrenheit.  Killing 
frosts  cease  in  the  spring  about  April  15  and  begin  about  September  15. 
It  is  questionable  whether  or  not  an  occasional  severe  cold  winter  affects 
the  tree  in  its  dormant  condition,  but  it  is  worthy  of  note  that  this  last 
summer,  1911,  which  followed  an  exceedingly  cold  and  long  winter,  was 
characterized  by  the  entire  absence  of  spruce  seed.  Not  even  a  single 
cone  was  seen  by  several  members  of  tlie  Forest  Service  here. 

Although  out  of  place  under  this  heading,  it  seems  necessar}'  to  men- 
tion that  the  spruce  does  well  on  all  slopes  and  exposures,  while  those 
facing  the  south  receive  more  direct  sunlight,  and  consequently  afford 
the  best  growing  site. 

SEED 

Sitka  spruce  is  a  prolific  seeder,  extra  heavy  seed  years  occurring  at 
intervals  of  three  or  four  years.  Speaking  from  general  observations, 
the  seed  has  a  moderately  high  germination  per  cent  and  good  vitality. 
This  last  season  was,  for  some  reason,  an  off  year,  as  there  was  absolutely 
no  spruce  seed  borne.  At  least  no  cones  were  seen  by  officers  of  the  Forest 
Service.  The  seed  crop  of  other  tree  species  was  very  scanty,  which  leads 
me  to  believe  that  the  long,  severe  winter  preceding  has  a  tendency  to 
make  trees  utilize  all  of  their  stored-up  foods  for  growing  purposes.  The 
gathering  of  spruce  seed  so  far  has  been  limited  partially  to  timber-sale 
areas,  where  cutting  is  in  progress.     This  proves  to  be  unsatisfactory. 
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because  trees  are  in  dense  stand  more  or  less,  and  bear  only  small  quan- 
tities of  seed.  Fairly  good  success  has  been  made  by  climbing  trees 
along  the  beach  and  picking  the  cones.  In  case  of  difficulty  in  gather- 
ing seed,  it  would  seem  advisable  to  let  seed  collectors  cut  old  defective 
trees  for  the  seed.  The  seed  from  such  sources  might  not  be  best,  but 
the  loss  in  cutting  the  trees  would  be  small,  and  large  quantities  of  seed 
could  be  obtained. 

The  following  data  were  taken  from  results  of  the  seed  collecting  done 
in  1910: 

Total  quantity  of  cones  gathered 152  bu. 

Yield  of  uncleaned  seed  per  bushel  of  cones 2.3  lb. 

Yield  of  cleaned  seed  per  bushel  of  cones 65     " 

Total  quantity  of  uncleaned  seed  shipped  from  Ketchikan. . .       361  lbs. 

Average  price  paid  for  collecting  cones  per  bushel $0.51 

Average  cost  of  transporting  cones  per  bui^hel — field  to 
Ketchiican 10 

Average  cost,  gathering  and  transportation,  per  pound  of  un- 
cleaned seed 265 

Rent,  cost  of  beater,  and  other  necessary  material,  per  pound 

of  uncleaned  seed ..  108 

Total  cost  per  pound  of  uncleaned  seed 375 

Cost  of  cleaned  seed  per  pound 2.06 

DISEASES  AND  DEFECTS 

There  are  two  serious  defects  present  in  Sitka  spruce.  These  occur 
generally  in  mature  and  overmature  trees.  The  commonly  called  heart 
rot  is  found  in  the  upper  portion  of  the  trunk  and  follows  the  central 
part,  or  axis,  of  the  tree  sometimes  for  half  of  its  length,  thus  making 
that  part  worthless  for  saw  timber.  This  defect  «eems  to  be  the  result 
of  a  fungus  entering  through  wounds,  such  as  broken  limbs.  Trees 
having  heart  rot  can  generally  be  detected  by  the  presence  of  a  sort  of 
black  knot,  or  "conk,''  but  in  many  cases  trees  appearing  to  be  perfectly 
sound  from  the  outside  are  worthless  when  cut. 

The  second  defect  is  a  rot  at  the  base  of  the  tree.  This  occurs  mostly 
in  large  and  old-aged  trees  having  swell  buttresses.  It  originates  in  the 
center  of  the  bole  and  works  radially  and  upward.  Sometimes  the 
rot  extends  only  five  or  six  feet  above  the  ground,  while  in  other  cases  a 
16- foot  log  has  to  be  thrown  away.  Specimens  of  each  of  these  rots  will 
be  collected  this  season  and  sent  to  the  Bureau  of  Plant  Industry  for  a 
determination  of  the  fungi. 

There  are  several  other  defects  decreasing  the  quantity  and  quality  of 
the  timber.     Wind-shake  is  present  in  many  large,  old  trees  standing  in 
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exposed  places.  This  is  often  accompanied  by  a  spiral  grain,  in  which 
case  the  entire  tree  is  worthless  for  saw  timber.  Loose  knots  occur  fre- 
quently in  lumber  sawed  from  trees  whicli  grow  in  a  more  or  less  open 
forest.  Where  the  lumber  is  sawed  thin  for  box  shooks,  a  great  deal  of 
waste  results.  Pitch  seams  cause  some  loss  in  lumber  cut  from  old 
trees,  but  not  to  any  great  extent. 

USES 

Sitka  spruce  has  two  important  uses  in  Alaska,  namely,  for  box  shooks 
used  in  the  salmon  canning  industry  and  for  building  material.  It  is 
soft,  holds  nails  well,  and  is  strong.  As  a  box  wood  it  is  very  satisfac- 
tory, and  in  building  purposes  the  main  fault  seems  to  be  with  its 
shrinking.  Its  fibers  tend  to  shrink  excessively  in  a  lateral  direction  and 
somewhat  longitudinally.  Perfect  kiln-drying  seems  to  prevent  this, 
however,  and  its  use  is  very  extensive  throughout  this  region*  As  an 
interior  finishing  wood  it  is  used  extensively.  It  has  a  very  pretty  grain 
and  takes  a  stain  and  paint  well.  It  is  used  somewhat  for  piling,  but 
"teredos"  attack  it  within  a  short  time  after  it  is  placed  under  water 
and  riddle  piles  in  one  or  two  years.  •  Certain  cases  are  known  where 
they  were  rendered  useless  in  six  months  after  being  driven.  Western 
hemlock  has  proven  to  be  a  superior  wood  in  resisting  attacks  of  the  borer, 
and  is  being  used  almost  exclusively  for  that  purpose. 

LUMBERING 

Since  Sitka  spruce  is  the  principal  species  used  for  saw  timber  in 
southeastern  Alaska,  special  features  of  the  lumber  industry  and  their 
influence  upon  economic  and  forest  conditions  deserve  some  considera- 
tion. Until  very  recently  logging  has  been  done  by  hand  along  the 
shores.  The  class  of  timlxjr  secured,  therefore,  has  been  more  or  less 
defective,  and  there  has  been  much  trouble  over  the  scale  and  prices  paid 
for  raw  material.  The  mills  are  very  crude.  The  circular  saws  and 
out-of-date,  rickety  machinery,  combined  with  unskilled  labor,  butcher 
many  thousand  board  feet  each  year.  The  general  tendency  among 
business  men  in  Alaska  is  to  ''grab  all  you  can  and  get  out ;"  so,  with  this 
in  view,  the  mill  men,  under  the  many  adverse  conditions,  have  held  log 
prices  very  low.  They  have  been  up  against  three  adversities,  namely, 
the  competition  of  Puget  Sound  fir,  defective  timber  secured  along  the 
shore,  and  a  small  output  from  their  mills.  In  addition  to  lowering  the 
prices  paid  for  logs,  so  that  they  could  operate  successfully  under  these 
conditions,  they  have  cut  prices  down  additionally  or  swindled  the  logger 
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in  the  scale^  so  that  he  could  hardly  exist.  Since  the  Forest  Service  scale 
has  removed  any  unfair  deals  of  this  kind  and  the  demand  for  steam- 
logged  timber  has  increased,  many  donkey  outfits  have  been  working. 
The  log  prices  have  been  increased  from  $3.50  and  $4.00  up  to  $4.50  and 
$5.00,  plus  the  stumpage.  The  ordinary  steam  logging  outfit  consists 
generally  of  one  donkey  mounted  on  a  float  which  may  be  towed  to  any 
bay  or  point  where  work  is  to  be  done.  About  2,000  feet  of  cable  are 
carried  and  a  distance  of  about  900  feet  from  the  beach  covered.  In  one 
instance  the  contractor  has  two  donkeys,  a  roader  and  a  yarder,  equipped 
with  sufficient  cable  to  reach  back  from  the  shore  about  2,500  feet.  In 
this  case  pole  roads  are  used.  Good  bodies  of  timber  must  be  had  in 
order  to  allow  the  logger  a  profit,  aud  he  cannot  go  to  any  heavier  ex- 
pense in  purchasing  equipment  that  will  reach  back  a  mile  or  more  from 
water  without  receiving  higher  prices  for  his  logs.  The  bodies  of  avail- 
able timber  within  1,000  and  2,000  feet  of  the  shore  line  are  already 
scarce,  so  that  the  next  step  in  the  development  of  the  industry  must  be 
an  improvement  in  the  class  of  mills  and  more  careful  utilization.  This 
will  bring  about  higher  log  prices  and  encourage  the  cutting  of  a  larger 
quantity  of  the  overmature  spruce  and  perhaps  some  of  the  Western 
hemlock.  There  is  no  reason  whatever  why  up-to-date  band  mills  hav- 
ing a  daily  output  of  from  50,000  to  100,000  board  feet  cannot  be  oper- 
ated successfully  in  this  region. 

The  canneries  of  southeastern  Alaska  packect  approximately  three  mil- 
lion cases  in  the  summer  of  1911,  and  in  this  connection  used  approxi- 
mately 27,000,000  board  feet  of  lumber  for  cases  alone.  About  40  per 
cent  of  this  lumber  was  supplied  by  sawmills  located  on  the  Tongass 
National  Forest  and  the  remainder  by  lumber  companies  in  the  States. 
Many  of  the  canneries  endeavored  to  secure  their  shooks  from  local  mills, 
but  were  turned  down  on  account  of  the  mill  companies^  inability  to 
supply.  It  is  very  evident  that  the  establishment  of  better  mills  and 
improvement  of  present  mill  methods  would  improve  forest  conditions 
and  benefit  the  Forest  Service  silviculturally  as  follows : 

1.  Timber-sale  regulations  could  be  carried  out  more  carefully  and  on 
better  silvicultural  principles  by  (a)  less  waste  and  (&)  by  favoring  the 
most  valuable  species  (Sitka  spruce),  and  alter  the  type  by  encouraging 
the  growth  of  spruce  and  cleaning  out  some  of  the  hemlock. 

2.  Greater  returns  to  the  Service  through  increased  stumpage  rates 
and  increased  annual  cut. 

3.  More  rapid  utilization  of  the  overmature  timber  through  increased 
annual  cut. 
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The  following  table  shows  the  average  percentage  of  each  grade  sawed 
from  Sitka  spruce: 

Per  cent. 

Clear  15 

No.  1  Common 20 

No.  2  Common 15 

Box  20 

Dimension    20 

Cull 5 

The  average  amount  of  waste  in  local  mills  is  about  one-half  cord  for 
every  thousand  board  feet  cut. 

The  average  retail  prices  are  as  follows: 

Rough  lumber,  mill  run,  per  thousand $15.00 

%-sized,  mill  run,  per  thousand 16.00 

Ship-lap,  mill  run,  per  thousand 17.50 

Select  (finish),  per  thousand 20.00 

Finish,  clear,  per  thousand 30 .  00 

The  above  grades  are  those  recognized  by  the  Ketchikan  mill. 

Approximately  40  per  cent  of  their  output  is  manufactured  into  box 
shooks,  each  box  requiring  nine  board  feet  of  lumber.  The  price  for 
shooks  in  1911  was  10  cents  at  the  yard. 

The  average  cost  of  logging  by  steam  is  as  follows : 

Felling  and  bucking $0.75  per  thousand. 

Lopping  tops 02 

Yarding  to  booming  place $1 .50  to  2.00 

Booming 15  to     .25 

Total   $2.42  to  3.02 

The  higher  cost  is  about  the  average,  including  hauls  up  to  2,500  feet 
from  the  beach.  The  lower  cost  was  reported  by  a  logger  having  a  very 
accessible  tract,  where  the  longest  haul  did  not  exceed  600  feet. 

The  following  statement  is  one  submitted  by  the  Ketchikan  Mill  Com- 
pany: 
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Cost  of  Lumber  Manufacture  per  Thousand  Feet,  Board  Measure. 

Stnmpage  $1 .00 

Manufacturing  license  .10 

Log  cost  in  raft  at  place  of  cutting 6.00 

Towing   .75 

Boom  cost  (bucking  and  placing  on  deck) .20 

Sawing  1.876 

Trimming    .75 

Edging 376 

Yard  cost 1 .00 

Planer,  cost  on  finished  stuff 1 .  60 

Loading  and  selling 1 .00 

Fuel  and  oil  cost .60 

Upkeep   .50 

Total $14.56 

MANAGEMENT 

All  but  a  very  small  quantity  of  the  valuable  spruce  timber  in  south- 
eastern Alaska  is  included  in  the  Tongass  National  Forest.  There  are 
several  private  timber  claims  containing  a  stand  sufficiently  large  to 
supply  the  local  mills  probably  one  year.  These  claims  will  no  doubt 
remain  untouched  for  many  years,  as  I  believe  the  timber  is  compara- 
tively young  and  higher  values  are  desired. 

Considering  the  foregoing  facts,  it  is  evident  that  this  forest  will  be 
relied  upon  for  the  supply  of  saw  timber,  and  in  the  near  future  the 
supply  of  pulp  wood.  In  view  of  this,  it  is  necessary  for  the  Service  to 
formulate  a  plan  of  management  as  rapidly  as  possible  that  will  contain 
provisions  for  a  sustained  annual  yield.  The  first  step  to  be  taken  along 
this  line  must  be  to  alter  the  type  on  the  better-growing  sites  and  en- 
courage the  Sitka  spruce.  In  order  that  the  spruce  may  be  favored  and 
its  regeneration  encouraged  to  reach  the  maximum^  several  conditions 
must  be  brought  about: 

First.  There  must  be  sufficient  reconnaissance  carried  out  for  the 
location  of  the  tracts  containing  spruce,  either  merchantable  or  in  an 
early  stage  of  life. 

The  extensive  form  of  reconnaissance  will  satisfactorily  furnish  such 
information.  This  reconnaissance  would  show  on  a  large  scale  map  the 
approximate  location  of  merchantable  or  dense  stands  of  spruce  and  the 
distribution  of  those  types  in  which  this  species  might  be  made  to  pre- 
dominate. 
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Following  the  extensive  reconnaissance,  the. valleys  or  water-sheds 
containing  merchantable  bodies  of  spruce,  or  spruce  and  hemlock  mixed, 
can  be  accurately  cruised  and  mapped.  Merchantable  stands  of  Western 
hemlock  may  be  included,  because  they  will  be  the  source  of  supply  for 
prospective  pulp  mills. 

Second.  Improvement  of  present  milling  methods  and  an  increased 
annual  cut.  This  would  bring  about  higher  log  values  and  enable  log- 
gers to  go  further  inland  for  their  timber.  The  excess  of  overmature 
timber  would  be  more  rapidly  removed,  more  hemlock  used  for  saw  tim- 
ber, and  in  general  better  silvicultural  methods  practiced  in  cutting. 

Third.  The  introduction  of  the  paper  pulp  industry.  Large  quanti- 
ties of  hemlock  will  be  utilized  by  pulp  mills.  Clear  cutting  in  this 
case,  and  reserving  spruce  seed  trees  where  they  are  not  liable  to  be  up- 
rooted will  be  very  favorable  for  regeneration  of  the  more  valuable 
species. 

One  of  the  serious  drawbacks  at  present  is  the  absence  of  data  on  hand 
showing  the  location  of  available  bodies  of  merchantable  timber.  The 
loggers  are  at  present  cleaning  up  every  small  tract  along  the  shore  and 
constantly  inquire  for  information  relative  to  logging  chances.  If  the 
Service  had  the  necessary  data  on  hand  it  might  be  possible  to  refuse 
the  sale  of  some  of  the  younger  growing  stands  and  limit  cutting  to  those 
more  decadent  in  character.  The  competition  of  fir  lumber  undoubtedly 
has  as  strong  an  influence  as  the  lack  of  reconnaissance  data  on  the  sale 
of  timber.  Log  prices  are  so  low  in  comparison  with  the  demand  that 
only  compact  bodies  of  timber  can  be  cut. 

The  first  step  in  the  systematic  management  of  Sitka  spruce  following 
the  development  of  the  above  outlined  conditions  should  be  to  limit  cut- 
ting of  saw  timber  to  the  more  decadent  stands.  Marking  may  be  done 
where  there  is  a  healthy  young  growth  or  middle-age  stand  in  connection 
with  the  large  mature  and  overmature  trees,  providing  that  the  soil  con- 
ditions and  exposure  will  not  place  the  remaining  trees  subject  to  wind- 
throw.  Favorable  conditions  for  marking  will  be  few,  because  the  soil 
is  generally  so  shallow  and  heavy  winds  occur  so  frequently.  On  water- 
sheds where  the  timber  is  to  be  cut  for  pulp  purposes  hemlock  will  be 
the  principal  species,  and  if  possible  spruce  seed  trees  should  be  reserved 
and  the  plan  of  clear  cutting  carried  out  as  far  as  possible.  Clear  cut- 
ting is  by  all  means  the  best  system  for  securing  a  reproduction  of  the 
spruce  and  discouraging  the  hemlock.  On  the  ordinary  tract  included 
in  timber  sales  where  the  area  is  small,  spruce  will  reseed  sufficiently  to 
produce  a  heavy  reproduction  except  after  poor  seed  years,  in  which  case 
artificial  means  should  be  employed.    This  could  be  accomplished  by 
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broadcast  sowing  or  sowing  in  seed  spots,  the  latter  being  the  most  appli- 
cable on  account  of  the  ground  being  covered  in  patches  with  lopped 
tops.  Seed  spots  could  be  easily  prepared  where  the  soil  is  torn  up  in 
logging  operations.  Ordinarily  spruce  seed  is  carried  by  wind  a  distance 
equal  to  about  twice  the  height  of  the  tree.  Where  large  areas  are  cut 
over  for  saw  timber,  seed  trees  should  be  reserved  where  practicable.  In 
case  it  is  inadvisable  to  leave  any  seed  trees  and  the  area  is  too  wide  to 
permit  its  being  reseeded  by  trees  standing  along  the  margin,  artificial 
means  should  be  relied  upon.  Tracts  to  be  cut  over  for  pulp  wood  will 
be  excellent  locations  for  the  growth  of  spruce.  Western  hemlock  will 
be  the  predominating  species  present  in  such  sales,  and  a  clean-cutting 
system  should  be  adopted.  There  are  in  nearly  every  hemlock  forest 
scattering  bunches  or  individuals  of  spruce,  and  where  the  soil  condi- 
tions and  exposure  are  favorable  seed  trees  of  this  species  should  be  re- 
served. In  most  cases  it  will  be  out  of  the  question  to  leave  any  seed 
trees,  and  the  seeding  will  have  to  be  done  artificially.  This  should  be 
done  promptly  at  the  end  of  each  season,  so  that  the  seedlings  will  have 
the  minimum  resistance  to  growth.  Devil's  club  and  huckleberry  bushes 
come  in  freely  on  cleared  areas,  and  in  combination  with  hemlock  seed- 
lings would  make  a  serious  obstacle  to  young  plants  of  the  valuable  tree 
species. 

Small  bodies  of  saw  timber  should  be  reserved  from  cutting  for  pulp 
purposes.  The  best  rotation  for  Sitka  spruce  cannot  be  predicted  with 
any  accuracy  until  measurements  of  growth  have  been  made  or  regulated 
cutting  methods  tried  out.  The  average  virgin  growth  in  closed  stands 
is  about  22  inches  in  100  years.  Nearly  all  trees  cut  for  saw  timber  are 
overmature  and  vary  from  300  to  450  years  old.  The  average  merchant- 
able saw  timber  age  is  estimated  to  be  from  100  to  150  years. 

The  problem  of  seed  gathering  is  one  that  needs  some  attention.  Cer- 
tain quantities  should  be  gathered  every  good  seed  year  and  tests  made 
to  determine  the  per  cent  of  germination,  vitality,  and  other  qualities  of 
seed  collected  from  different  localities.  The  volume  table  on  the  follow- 
ing page  was  compiled  from  scale  measurements  made  by  E.  C.  Erickson 
and  is  fairly  accurate  for  estimating  the  Sitka  spruce. 

ALASKA  VOLUME  TABLE  FOR  SITKA  SPRUCE 

This  table  is  based  on  the  measurement  of  500  trees,  and  shows  the 
actual  merchantable  contents  of  sound  trees  in  board  feet  as  determined 
by  actual  scale  with  Scribner  Decimal  C  Rule.  Volumes  evened  off 
on  curves.  The  trees  upon  which  this  table  is  based  were  principally 
from  closed  stands  with  from  the  minimum  to  the  average  taper  and  of 
the  average  merchantable  length: 
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Volume  Average     •  Average  taper      Average 

D.  B.  H.  >MUiwi  ftwi       merchantable      in  inches,  top 

Doara  leet.        length,  feet.      32-foot  log.       diameter. 

20 560  80  4  13-15 

21 630  '^  '*  '*     " 

22 720  ''  «  *'     « 

23..... 810  "  «  "     " 

24 900  "  "  "     " 

25 1,010  "  "  ''    '' 

26 1,130  94  5  "    '' 

27 1,250  "  «  «    « 

28 1,370  "  ''  ''    '' 

29 1,520  ""  "  "    " 

30 1,660  "  ''  *'     " 

31 1,800  "  «  ^'     " 

32 1,970  "  "  «     '^ 

33 2,150  110  ''  "     « 

34 2,340  "  «  '^    *' 

36 2,520  "  6  "    " 

36 2,710  «  ^'  «    '^ 

37 2,900  «  "  <<    « 

38 3,080  "  «  16-17 

39 3,240  *'  ''  "    « 

40 3,400  "  7-8  "    " 

41 3,560  "  "  «    « 

42 3,730  "  «  17-20 

43 3,890  "  ''  «    « 

44 4,050  "  '*  "    « 

45 4,160  ''  ^'  «    « 

46 4,250  "  "  <'    « 

47 4,350  ''  "  «    '' 

48 4,440  ''  «  «    « 

49 4,630  "  "  «    « 

50 4,660  "  «  '*    " 

61 4,810  "  ''  ''    « 

62 6,020  "  "  ''    « 

53 6,280  ''  «  «    « 

64 5,630  "  ''  «    « 

66 5,820  *'  ''  "    « 

66 6,960  *'  «  "    « 

57 6,070  "  ''  ''    « 

58 6,170  «  "  «    « 

59 6,260  "  "  "    « 

60 6,330  ''  «  '*    « 

Note. — ^Volumes  in  this  table  for  trees  above  40  inches  D.  B.  H.  are 

only  approximate,  as  it  was  impossible  to  find  many  trees  for  measure- 
ment. 
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WATER-POWEE  ON  THE  NATIONAL  FORESTS 

BY   JAMES   B.   ADAH8 

Delivered  before  the  Society  May  gS,  191$ 

WATEB-POWER  BESOCTBCES  OF  THE  NATIONAL  FORESTS. 

The  conservation  of  water  as  well  as  of  wood  was  contemplated  by 
Congress  when  it  enacted  legislation  providing  for  the  creation  of  Na- 
tional Forests.  The  law  establishing  National  Forests  provides  that 
unappropriated  public  lands,  wholly  or  in  part  covered  by  timber  or 
undergrowth,  may  be  reserved  and  set  aside  as  National  Forests  for  the 
purpose  of  securing  favorable  conditions  of  water-flow  and  to  furnish 
a  continuous  supply  of  timber  for  the  use  of  citizens  of  the  United 
States;  it  also  contemplates  the  utilization  of  their  natural  resources 
and  any  beneficial  use  not  inconsistent  with  such  purposes.  (Acts  of 
March  3,  1891,  26  Stat.,  1095;  June  4,  1897,  30  Stat.,  11.)  The  Appa- 
lachian Forest  act,  only  recently  approved,  authorizes  the  purchase  from 
private  owners  of  timbered  lands  in  the  Eastern  States  on  the  head- 
waters of  navigable  stream  for  the  purpose  of  regulating  stream-flow 
and  conserving  forests.     (Act  March  1,  1911,  36  Stat.,  962.) 

NATIONAL   FORESTS   PROTECT   THE   HEADWATERS   OF  ALL    IMPORTANT 

WESTERN  STREAMS 

Included  within  the  National  Forests  are  practically  all  the  mountain 
ranges  of  the  West,  and  in  these  ranges  are  the  headwaters  of  all  the 
important  streams  from  which  power  may  be  developed.     Since  the 

(6) 
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National  Forests  are  created  to  protect  the  forest  cover  from  destruction 
or  depletion^  they  constitute  an  important  factor  in  the  water-power 
development  of  the  West.  With  practically  no  exceptions^  all  the  power 
developments  of  consequence  on  streams  west  of  the  Mississippi  Biver 
either  utilize  National  Forest  land  or  use  water  from  streams  which  head 
in  National  Forests. 

A  list  of  the  principal  power  developments  of  the  West  will  clearly 
illustrate  the  situation.  The  Pacific  Gas  and  Electric  Company  of 
California,  with  its  development  of  approximately  120,000  horsepower, 
utilizes  streams  rising  in  the  Plumas,  Tahoe,  and  the  Eldorado  National 
Forests.  The  Great  Western  Power  Company,  with  a  present  develop- 
ment of  60,000  horsepower  and  a  prospective  development  of  350,000 
horsepower,  develops  its  power  upon  streams  within  the  Lassen  and 
Plumas  National  Forests.  The  Pacific  Light  and  Power  and  the  Southern 
California  Edison  Companies,  with  an  aggregate  present  development 
of  approximately  150,000  horsepower  and  a  prospective  development  of 
about  250,000  horsepower,  will  utilize  streams  within  the  Sierra,  Se- 
quoia, and  Kern  National  Forests.  Similarly  the  developments  that 
supply  Denver  utilize  streams  within  the  National  Forests  in  the  Socky 
Mountains  in  Colorado.  The  developments  which  supply  Seattle,  Ta- 
coma,  and  Portland  utilize  streams  rising  in  the  National  Forests  in  the 
Cascade  Mountains  of  Washington  and  Oregon.  The  developments  of 
the  United  Missouri  River  Power  Company,  which  supplies  practically 
all  the  power  generated  in  Montana,  utilizes  streams  rising  in  the  Na- 
tional Forests  of  western  Montana.  The  headwaters  of  all  of  these 
streams  are  dependent  upon  the  protection  afforded  by  the  forest  cover 
in  the  National  Forests. 

NATIONAL  FORESTS  CONTAIN  A  LARGE  PART  OF  THE  WATER-POWER  SITES 

Of  the  water-power  estimated  to  be  possible  of  development  from  the 
low  flow  of  all  the  streams  in  the  United  States,  70  per  cent  is  found  in 
the  eleven  States  west  of  Kansas.  Of  the  total  in  these  States,  64  per 
cent,  or  about  12,000,000  horsepower,  is  estimated  to  be  within  the 
National  Forests.  Of  the  remaining  36  per  cent,  or  7,000,000  horse- 
power, probably  not  less  than  nine-tenths  is  protected  by  the  National 
Forests. 

AMOUNT   OF   POWER   NOW   DEVELOPED   AND  APPLIED   FOR   ON   NATIONAL 

FORESTS 

On  March  1,  1912,  there  were  in  effect  166  permits  for  water-power 
plants  in  whole  or  in  part  on  National  Forest  land,  covering  a  total 
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development  of  1,380,000  horsepower.  Of  this  amount  240,000  horse- 
power is  in  plants  already  constructed  and  in  operation.  The  permits 
which  have  been  issued  cover  power  development  ranging  from  less  than 
10  horsepower  to  more  than  300,000  horsepower.  Forty  per  cent  of  the 
166  permits  are  for  developments  of  less  than  1,000  horsepower. 

RELATION   OF   WATER-POWER  USE  TO   OTHER   USES 

To  the  Use  of  Water 

There  is  an  absolute  need  for  water  in  every-day  life,  and  it  is  an 
essential  factor  in  the  industrial  welfare  of  the  country.  Its  uses  may 
be  broadly  grouped  in  the  order  of  their  present  relative  importance 
imder  four  heads:  Domestic,  irrigation,  navigation,  and  power. 

The  necessity  for  water  for  domestic  purposes — ^that  is,  for  drinking, 
culinary,  and  sanitary  uses — ^is,  of  course,  appreciated  by  every  one, 
although  perhaps  not  so  much  by  those  who  live  in  localities  of  abun- 
dant rainfall  as  by  the  inhabitants  of  regions  having  long  periods  of 
drought,  where  the  storing  of  water  is  necessary  in  order  that  a  supply 
may  be  available  at  all  seasons  of  the  year.  The  securing  of  an  ade- 
quate quantity  of  water  is  one  of  the  greatest  problems  many  of  our 
large  cities  have  to  meet.  Frequently  it  is  necessary  to  go  a  great  dis- 
i;ance  in  order  to  provide  a  suitable  supply.  As  an  illustration,  there 
may  be  cited  the  case  of  the  city  of  Los  Angeles,  California,  which  is 
now  engaged  in  building  an  aqueduct  about  200  miles  in  length,  through 
a  desert  and  across  a  mountain  chain  at  a  cost  of  many  millions  of  dol- 
lars, so  that  it  may  secure  a  sufficient  supply  of  pure  water  to  meet  the 
present  and  prospective  needs  of  its  citizens.  This  great  aqueduct 
brings  water  from  streams  within  a  National  Forest. 

The  use  of  water  for  irrigation  is  extensively  practiced  in  the  semi- 
arid  sections  of  the  Western  States,  and  thereby  large  tracts  of  lands 
otherwise  practically  valueless  are  put  under  cidtivation  and  made  to 
support  thousands  of  people.  The  streams  from  which  water  is  secured 
for  this  purpose  have  their  sources  in  the  mountain  regions. 

The  larger  streams  of  the  United  States  were  at  one  time  extensively 
used  foi:  navigation,  and  are  to  a  great  extent  still  used  for  that  pur- 
pose. Their  use  for  navigation  can  be  greatly  enlarged  if  proper  steps 
are  taken  to  equalize  stream-flow  by  preventing  floods  and  increasing 
ihe  flow  at  the  natural  low-water  period. 

•From  the  earliest  times  water  has  been  used  in  the  development  of 
power,  but  until  recent  years  it  was  necessary  to  use  the  power  in  the 
immediate  locality  where  it  was  developed.     Through  the  wonderful 
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improvement  which  has  taken  place  within  the  last"  decade  in  the 
methods  of  generating  and  transmitting  electrical  energy,  it  is  now 
possible  to  use  the  power  obtained  from  water  at  a  great  distance  froin 
the  locality  at  which  the  power  is  actually  found.  There  are  within 
the  National  Forests  several  hydro-electric  power  plants,  which  generate 
electric  energy  and  transmit  it  100  to  200  miles.  Water-power  is  fre- 
quently found  in  one  State  and  the  energy  obtained  therefrom  actually 
used  in  another. 

Water-power  is  the  physical  effect  of  the  weight  of  falling  water.  It 
follows,  therefore,  that  in  order  to  obtain  power  there  must  not  only  be 
water,  but  it  must  fall.  Sometimes  the  water  and  fall  are  found  to- 
gether in  nature,  as  at  Niagara,  where  power  can  be  developed  within 
a  limited  area.  Sometimes  there  is  a  large  volume  of  water  with  but 
slight  fall,  as  in  the  Mississippi  Eiver  and  other  large  streams,  where 
power  can  be  developed  through  the  construction  of  a  dam  which  makes 
an  artificial  fall.  At  other  places  there  is  a  rapid  but  not  precipitous 
fall,  where  power  can  be  developed  by  diverting  the  water  from  the 
stream  and  conducting  it  by  conduit  over  adjacent  lands  to  a  point 
whence  it  is  allowed  to  fall  a  considerable  distance  through  a  pipe  to  a 
generating  plant  on  the  stream  below.  Plants  are  now  in  operation 
which  utilize  an  artificial  fall  of  nearly  2,000  feet  obtained  in  this  way. 
By  the  use  of  a  small  quantity  of  water  a  tremendous  amount  of  power 
can  be  obtained  through  a  fall  of  this  height.  The  latter  is  the  kind  of 
water-power  development  usually  made  within  National  Forests,  because 
of  the  numerous  mountain  streams  within  their  boundaries. 

The  use  of  a  stream  for  the  development  of  power  does  not  preclude 
its  use  for  domestic  purposes  or  for  navigation.  On  the  contrary,  when- 
ever the  flow  of  a  stream  is  regulated  by  storage,  as  is  usually  the  case 
when  it  is  put  to  its  highest  power  development,  its  value  for  both  of 
the  other  uses  is  increased.  The  use  for  irrigation,  however,  is  gener- 
ally inconsistent  with  the  use  for  power,  because  large  quantities  of 
water  are  wanted  for  irrigation  during  the  seasons  of  the  year  when 
crops  are  growing,  whereas,  in  the  development  of  power,  stored  water 
is  needed  at  the  season  of  natural  low  flow.  These  seasons  do  not  occur 
together.  The  period  of  natural  low  flow  is  usually  during  the  fall  and 
winter,  which,  of  course,  is  not  the  time  when  water  would  be  wanted 
for  irrigation.  The  assertion,  therefore,  that  water  stored  for  power 
may  also  be  put  to  an  irrigation  use  is  generally  only  partially  correct. 
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To  the  Use  of  Land 

In  nearly  every  instance  water-power  development  on  mountain  streams 
involves  the  use  of  land  on  which  the  flumes,  ditches,  pipe  lines,  and 
power-houses  are  located.  The  water  must  be  taken  from  the  stream 
at  one  point  and  put  back  at  another.  It  is  also  usually  necessary  to 
occupy  land  for  reservoirs  to  store  flood  waters,  in  order  that  the  power 
possibilities  of  the  site  may  be  fully  developed.  The  total  amount  of 
water  that  is  discharged  by  a  stream  throughout  the  entire  year  depends 
upon  precipitation  and  temperature.  The  discharge  of  water  in  the 
stream  at  different  seasons  of  the  year  depends  upon  the  distribution  of 
the  precipitation  and  the  storage  capacity  of  the  watershed.  The  capac- 
ity of  a  watershed  to  absorb  and  store  water  is  influenced  by  the  charac- 
ter of  the  soil  and  the  steepness  of  the  slope  as  well  as  by  the  surface 
cover.  Streams  are  usually  filled  to  overflowing  in  the  spring  and  early 
simmier,  when  the  snows  are  melting,  while  in  the  late  fall  and  early 
winter  they  may  be  nearly  dry.  Unless  the  flow  is  regulated  by  the 
storage  of  water  it  would  be  inadvisable,  under  these  conditions,  to  con- 
struct a  power  plant  of  greater  capacity  than  could  be  operated  during 
the  period  of  low  flow.  The  reason,  for  this  is  obvious.  It  is  seldom 
that  contracts  can  be  obtained  for  furnishing  power  for  only  a  part  of 
the  year,  and  to  secure  full  development  the  maximum  capacity  of  the 
plant  must  be  maintained  by  means  either  of  storage  reservoirs  or  of 
auxiliary  plants  operated  by  steam.  A  power-producer  may,  by  con- 
structing storage  reservoirs,  operate  throughout  the  entire  year  a  plant 
of,  say,  20,000  horsepower,  whereas,  were  it  not  for  the  storage  of  water, 
it  would  be  impossible  during  part  of  the  year  to  develop  more  than 
10,000  horsepower. 

While  the  development  of  energy  from  natural  flow  and  fall  is  most 
readily  understood  and  appreciated,  the  utilization  of  flood  waters  is  of 
no  less  importance  as  a  means  of  conservation,  and  is  given  equal  con- 
sideration by  developers  and  engineers.  The  topography  of  the  Na- 
tional Forests  naturally  furnishes  the  conditions  which  are  most  essen- 
tial to  a  reservoir  site.  Usually  these  are  a  contracted  point  favorable 
for  a  dam,  as  at  the  entrance  of  a  canyon ;  a  sufficient  area  for  a  storage 
basin  behind  it ;  the  rock  and  other  building  material  necessary  for  the 
construction  of  the  dam,  and  the  grade  of  river  below  supplying  the  fall 
necessary  for  the  development  of  power. 
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PUBLIC    CONTROL    OF    WATER-POWER 

Public  control  of  water  power  has  been  exercised  by  the  individual 
States  in  this  country  for  decades  and  in  European  countries  for  more 
than  half  a  century.  The  laws  of  Pennsylvania  date  back  to  1874,  of 
Italy  to  1865,  and  of  France  to  1851.  The  early  Pennsylvania  statute 
had  reference  merely  to  the  requirements  of  incorporation,  the  issuance 
of  franchises,  and  the  right  of  appropriation.  The  early  French  and 
Italian  laws  went  further,  and  prescribed  the  conditions  under  which 
the  franchises  might  be  exercised.  The  principle  of  regulation  has, 
however,  had  its  greatest  development,  both  at  home  and  abroad,  within 
the  last  ten  or  fifteen  years.  Begulation  to  a  varying  degree  is  now 
exercised  in  Sweden,  Norway,  France,  Italy,  Switzerland,  New  Zealand, 
Australia,  Japan,  in  all  the  Canadian  provinces,  by  the  Federal  Gov- 
ernment of  the  United  States,  and  by  such  States  as  Maine,  New  York, 
Pennsylvania,  Wisconsin,  Oregon,  and  California. 

In  some  instances  control  is  exercised  by  local  authority,  as  in  the 
Canadian  provinces;  in  others  it  is  exercised  by  National  authority,  as 
in  most  of  the  European  countries ;  in  still  others  it  is  divided  between 
local  and  National  authority,  as  under  certain  conditions  in  Switzer- 
land and  on  the  public  lands  of  the  IJnited  States.  In  some  instances 
the  control  consists  merely  in  fixing  the  conditions  of  receiving  and 
holding  a  permit  or  lease.  This  is  the  general  method  employed  by  the 
several  States  and  by  the  United  States  Department  of  Agriculture.  In 
other  instances  a  more  or  less  close  supervision  is  maintained  over  the 
construction  and  operation  of  the  works,  as  in  Italy  and  Switzerland. 
New  York  State,  in  addition  to  maintaining  general  control,  proposes 
to  construct  and  lease  storage  reservoirs  and  other  water-power  works. 
The  Province  of  Ontario  has  constructed  and  is  maintaining  and  oper- 
ating transmission  and  distribution  works,  and  is  purchasing  electrical 
power  and  selling  it  to  municipalities. 

As  illustrative  of  the  several  methods  and  degrees  of  regulation  now 
exercised,  a  brief  outline  follows  of  the  policies  which  have  been  and 
are  being  followed  by  Italy,  Switzerland,  New  York,  and  Ontario. 

Italy. 

The  first  general  water  law  of  Italy  was  approved  on  March  20,  1865. 
It  was  partly  repealed  as  inadequate,  and  supplemented  by  other  acts. 
An  act  was  finally  passed  on  August  10,  1884,  which,  with  the  regula- 
tions issued  under  it,  particularly  those  of  November  26,  1893,  consti- 
tute the  code  concerning  water  and  water-powers. 
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For  the  diversion  of  public  water  "a  concession''  is  required,  for  which 
an  annual  rental  is  paid.  The  papers  of  concession  limit  the  amount 
of  water  diverted  and  the  conditions  of  diversion,  use,  and  restoration, 
give  rules  relating  to  agriculture,  industry,  and  public  health,  and  fix 
the  time  for  beginning  and  completing  construction.  The  concession 
is  limited  to  30  years,  but  is  renewable  in  favor  of  the  concessionaire  30 
years  longer.  If  during  the  period  of  concession  the  regimen  of  the 
stream  is  changed  in  the  public  interest,  the  concessionaire  is  not  en- 
titled to  indemnity,  but  only  to  a  proportionate  reduction  of  the  annual 
rental.  Customarily  the  applicant  first  in  time  is  granted  the  conces- 
sion, but  in  consideration  of  a  higher  use  the  grant  may  be  made  to  a 
later  applicant.  Furthermore,  if  the  public  interest  is  involved  all  ap- 
plications may  be  refused. 

Switzerland. 

Until  1908  each  of  the  twenty-five  Swiss  cantons  had  its  own  legisla- 
tion concerning  the  development  of  water-power  within  its  boundaries. 
The  development  of  electric  power  projects  in  two  or  more  cantons  made 
a  division  of  authority  among  the  cantons  more  and  more  unsatisfactory. 
On  October  25,  1908,  an  amendment  to  the  constitution  placing  the 
control  of  water-powers  within  the  hands  of  the  federal  government  was 
passed  by  a  referendum  vote  of  more  than  five  to  one. 

Concessions  now  granted  by  federal  authority  are  subject  to  the  right 
of  the  nation  or  of  the  canton  to  withdraw  the  concession  without  in- 
demnity whenever  the  need  for  its  use  in  the  public  service  shall  arise. 
All  concessions  are  granted  subject  to  the  right  of  the  nation  to  impose 
such  rental  as  it  may  deem  just,  and  are  subject  to  forfeiture  for  non- 
use. 

New  York. 

Following  an  agitation  of  more  than  10  years,  the  New  York  legisla- 
ture in  1902  created  the  Water  Storage  Commission  to  investigate  causes 
of  floods  and  to  make  recommendations  for  their  prevention.  The  com- 
mission in  its  report  of  1903  recommended  State  supervision  and  control 
by  public  commission.  This  recommendation  was  adopted  by  the  legis- 
lature, which  took  the  further  step  in  1907  of  establishing  the  principle 
that  new  grants  of  water-power  rights  should  be  made  only  upon  the 
basis  of  an  annual  rental  to  the  State,  readjusted  at  specified  intervals. 
The  legislature  also  passed  in  1907  what  is  known  as  the  "Fuller  Act,'' 
which  directed  the  State  Water  Supply  Commission  to  collect  informa- 
tion relating  to  water-powers  of  the  State  and  to  devise  a  general  plan 
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for  the  progressive  development  of  such  water-powers.  Up  to  the  end 
of  1910  the  commission  had  expended  $100^000  in  the  investigation  of 
water-powers  and  in  making  detailed  surveys  and  reports^  and  had  sub- 
mitted a  draft  for  a  general  law  providing  a  scheme  for  the  conserva- 
tion and  development  of  water-powers  by  the  State. 

By  acts  of  the  legislature  of  1911  the  State  Water  Supply  Commis- 
sion was  succeeded  by  the  State  Conservation  Commission^  and  a  spe- 
cial committee  was  appointed  to  investigate  water  storage  and  water- 
power  development.  This  committee  reported  on  January  29,  1912, 
but  the  legislature  adjourned  recently  without  passing  any  acts  affecting 
the  subject. 

Ontario. 

The  Province  of  Ontario  until  1898  made  no  reservation  of  water- 
powers  ini  grants  of  public  lands.  A  law  passed  in  that  year  reserved 
all  water-powers  of  more  than  150  horsepower  minimum,  and  provided 
for  the  leasing  of  such  powers  upon  the  payment  of  an  annual  rental, 
development  within  a  specified  time,  supplying  surplus  water  to  those 
requiring  it  upon  conditions  and  rates  to  be  determined  by  the  govern- 
ment, and  full  development  whenever  the  government  decides  that  there 
is  a  demand  for  the  power. 

Complaint  was  made  in  1900  that  the  water-powers  of  the  province 
were  being  monopolized  and  that  excessive  rates  were  being  charged  for 
power.  The  Hydro-Electric  Power  Commission  of  Ontario  was  accord- 
ingly created  in  May,  1906,  to  report  on  water  and  electrical  power,  and 
upon  power  and  lighting  needs.  With  the  authority  of  the  Lieutenant- 
Governor-in-Council  it  may  purchase,  lease,  or  condemn  lands,  water- 
powers,  water  privileges,  electric  current  and  power,  and  distributing 
plants,  which  it  may  also  operate.  It  may  make  contracts  with  public 
and  private  corporations  to  supply  power  or  light,  controlling  the  rates 
charged  by  them,  and  it  may  borrow  money  for  these  objects. 

The  commission  has  already  constructed  and  is  operating  281  miles 
of  110,000-volt  main  transmission  and  180  miles  of  distribution  line, 
bujring  current  from  the  Ontario  Power  Company  at  Niagara  Falls  at 
$9  per  horsepower  per  annum  for  all  amounts  above  25,000  horsepower. 
The  rates  charged  the  municipalities  vary  from  $18.10  to  $29.50  per 
horsepower  per  annum,  according  to  distance,  and  at  present  21  munici- 
pal corporations  are  supplied  with  an  aggregate  of  30,500  horsepower. 

The  rates  are  determined  by  adding  to  the  contract  price  (1)  4  per 
cent  per  annum  upon  that  part  of  the  construction  cost  properly  charge- 
able to  each  municipality;  (2)  an  annual  amount  sufficient  to  create  a 
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sinking  fund  for  the  payment  of  such  construction  costs  within  30 
years^  and  (3)  a  proportionate  part  of  the  line  loss  and  the  maintenance 
and  operating  expense. 

EXISTING  LEGISLATION   AFFECTING   WATER-POWER  DEVELOPMENT   ON 

NATIONAL   FORESTS 

The  earliest  legislation  providing  for  the  use  of  Government  land  for 
water-power  development  may  be  found  in  the  act  of  Congress  approved 
May  14,  1896  (29  Stat.,  120),  which  authorized  the  Secretary  of  the 
Interior,  under  general  regulations  to  be  fixed  by  him,  to  permit  the  use 
of  public  lands  and  certain  reservations  for  rights  of  way  for  the  pur- 
pose of  generating,  manufacturing,  or  distributing  electric  power.  It 
should  be  noted  that  the  act  does  not  contemplate  the  grant  of  rights  of 
way  amounting  to  easements,  but  merely  authorizes  the  Secretary  of  the 
Interior  to  permit  the  occupancy  of  public  lands  and  reservations.  This 
act  was  followed  by  the  act  of  February  i5,  1901  (31  Stat.,  790),  which 
provides  for  the  issuance  of  permits  for  rights  of  way  for  miscellaneous 
purposes  involving  the  use  of  water,  including  the  generation  and  dis- 
tribution of  electric  power.  Any  permission  given  under  it  may  be 
revoked  by  the  Secretary  of  the  Interior,  or  his  successors,  in  his  dis- 
cretion. It  especially  provideat  that  it  shall  not  be  held  to  convey  any 
right  or  easement  or  interest  in,  to,  or  over  any  public  land,  reservation, 
or  park. 

An  act  approved  May  11,  1898  (30  Stat.,  404),  provides  that  rights 
of  way  over  the  public  lands  and  reservations  secured  for  the  main  pur- 
pose of  irrigation  may  be  used  for  water-power  development  as  subsid- 
iary to  the  irrigation  use,  and  an  act  approved  February  1,  1905  (33 
Stat.,  628),  grants  rights  of  way  over  Forest  reservations  for  municipal 
or  mining  purposes  and  for  the  purposes  of  the  milling  and  reduction 
of  ores.  An  act  approved  March  4,  1911  (36  Stat.,  1253),  authorizes 
the  granting  of  an  easement  on  National  Forest  lands  for  transmission 
lines  for  periods  not  exceeding  50  years,  under  general  regulations  to  be 
fixed  by  the  Secretary  of  Agriculture.  A  special  act  approved  May  1, 
1906  (34  Stat.,  163),  granted  the  Edison  Electric  Company,  a  Wyoming 
corporation,  rights  of  way  in  California,  but  provided  that  the  grant 
should  remain  in  effect  only  during  such  period  as  the  Secretary  of 
Agriculture  might  fix  immediately  after  the  passage  of  the  act.  The 
Secretary  fixed  the  period  at  40  years.  The  act  also  authorized  the 
Secretary  of  Agriculture  to  charge  the  company  such  reasonable  amount 
as  he  might  consider  proper  as  compensation  for  the  privilege  granted — 
that  is,  the  right  to  occupy  lands  of  the  United  States. 
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The  act  of  June  26,  1910  (36  Stat.,  847),  authorizes  the  President 
to  temporarily  withdraw  from  settlement,  location,  sale,  or  entry  any  of 
the  National  Forest  lands,  as  well  as  public  lands,  valuable  for  water- 
power  sites,  and  to  reserve  them  until  the  withdrawal  is  revoked  by  him 
or  by  an  act  of  Congress.  This  act  provides  that  lands  withdrawn 
thereunder  shall  be  subject  to  exploration,  occupation,  and  purchase 
under  the  mining  laws  of  the  United  States.  Since  the  National  Forest 
lands  are  already  reserved  and  withdrawn  from  appropriation  under 
any  of  the  public  land  laws  except  the  mineral  laws,  the  settlement  act 
of  June  11,  1906,  and  the  rights-of-way  acts,  the  only  effect  of  this  act, 
in  so  far  as  National  Forests  are  concerned,  is  to  prevent  the  appropria- 
tion under  any  of  the  rights-of-way  acts  of  National  Forest  lands  valua- 
ble for  water-power  development. 

DEVELOPMENT    OF    A    WATER-POWER    POLICY    ON    NATIONAL    FORESTS 

Founded  on  Law 

m 

The  law  of  1897,  which  defines  the  purposes  for  which  the  National 
Forests  are  created,  namely,  to  secure  favorable  conditions  of  water-flow 
and  to  furnish  a  continuous  supply  of  timber,  also  specifies  that  the 
Secretary  of  the  Interior  may  make  such  rules  and  regulations  as  will  in- 
sure the  objects  of  such  reservations  and  will  regulate  their  occupancy 
and  use.  When  in  1905  the  administration  of  the  National  Forests  was 
by  law  transferred  to  the  Secretary  of  Agriculture,  Congress  made  fur- 
ther provision  respecting  the  use  and  occupancy  of  National  Forest  land 
by  specifying  the  disposition  to  be  made  of  money  received  from  the  use 
of  such  land  and  resources.  It  is  evident  that  Congress  contemplated 
that  all  the  resources  of  the  Forests  should  be  available  for  use,  provided 
such  use  was  not  inconsistent  with  the  purposes  for  which  the  Forests 
were  created  and  that  such  use  should  be  regulated  by  the  Secretary  in 
charge;  and  it  is  also  evident  that  express  provision  was  made  for  the 
payment  of  a  charge  by  users  of  resources  or  lands  as  a  part  of  the  regu- 
lation of  use. 

Early  Regulations 

On  July  8,  1901,  regulations  under  the*  right-of-way  act  were  promul- 
gated by  the  Secretary  of  the  Interior,  prescribing  the  manner  in  which 
an  application  should  be  prepared  and  filed,  and  the  procedure  which 
would  have  to  be  followed  after  it  was  filed  in  order  that  it  might  re- 
ceive the  approval  of  the  Secretar}\     A  formal  permit  was  not  issued, 


WATER  POWER  ON  THE  NATIONAL  FORESTS  15 

the  Secretary  merely  noting  on  the  map  showing  the  location  of  the 
project  an  endorsement  in  the  following;  form : 

"The  use  of  the  right  of  way  shown  on  this  map  is  hereby  per- 
mitted in  accordance  with  the  provisions  of  the  act  of  Congress 
approved  February  15,  1901,  and  the  regulations,  present  or  fu- 
ture, thereunder." 

Jurisdiction  over  the  National  Forests  was  transferred  from  the  Sec- 
retary of  the  Interior  to  the  Secretary  of  Agriculture  on  February  1, 
1905.  The  act  making  the  transfer  provided  that  the  Secretary  of 
Agriculture  should  thereafter  execute  or  cause  to  be  executed  all  laws 
affecting  public  lands  reserved  as  National  Forests  except  such  laws  as 
affect  the  surveying,  prospecting,  reconveying,  locating,  appropriating, 
entering,  relinquishing,  or  patenting  of  any  such  lands.  These  laws 
were  to  be  administered  by  the  Secretary  of  the  Interior.  It  was  agreed 
between  the  two  Secretaries  that  the  act  of  February  15,  1901,  in  so  far 
as  National  Forest  lands  were  affected  by  water-power  projects,  should 
be  administered  by  the  Secretary  of  Agriculture.     (33  L.  D.,  609.) 

The  earliest  form  of  permit  issued  by  the  Department  of  Agriculture 
for  water-power  development  was  oniB  already  in  use  for  various  kinds 
of  occupancy,  such  as  roads  and  trails,  pastures,  summer  residences,  etc. 

Following  the  practice  of  charging  for  timber  and  for  the  right  to 
graze  stock  within  National  Forests,  it  was  early  decided  that  permittees 
using  land  for  commercial  water-power  development  ought  to  pay  the 
Government  for  the  occupancy  and  use  of  the  land.  The  Attorney- 
General  held  (26  Opinions,  470;  26  Opinions,  421)  that  since  Congress 
has  conferred  upon  the  Secretary  of  Agriculture  the  right  to  grant  or  to 
withhold  permission  to  use  National  Forest  land,  the  exaction  of  a 
reasonable  charge  and  the  attachment  of  such  conditions  to  the  permis- 
sion as  he  sees  fit  in  the  public  interests  was  an  entirely  proper  condition 
to  the  issuance  of  a  ^rmit.  It  was  held  throughout  that  since  the 
National  Forests  were  created  for  the  benefit  of  all  the  people  and  are 
protected  and  maintained  at  the  expense  of  the  general  taxpayers  of  the 
nation,  the  developer  of  water-power  on  National  Forest  land  for  private 
gain  who  enjoys  special  benefits  from  such  protection  and  maintenance 
should  bear  a  reasonable  share  of  the  cost.  If  the  lands  were  in  private 
ownership  and  a  water-power  developer  were  obliged  to  purchase  or  rent 
them,  he  would  have  to  pay  what  they  are  worth  for  such  use.  Any 
rental  charge  imposed  by  the  Government  might,  therefore,  appear  to 
be  reasonable  if  it  did  not  exceed  a  fair  interest  charge  on  the  valu6  of 
similar  land  purchased  or  leased  from  private  owners.     It  has  been 
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urged  that  the  TTnited  States  should  make  no  charge  for  the  use  of  the 
land^  since  such  charge  would  ultimately  be  borne  by  consumers  of  the 
electric  power  who  live  in  the  territory  immediately  adjacent  to  the 
water-power.  This  contention  is  not  convincing,  since  both  developer 
and  consumer  enjoy  special  benefits,  and  neither  should  be  permitted  to 
enjoy  the  benefits  of  natural  opportunities  without  a  fair  return  to  all 
for  the  special  privileges  thus  accorded  them.  Furthermore,  the  elec- 
trical energy  obtained  from  water  may  be  used  within  a  radius  of  ^00 
miles  from  the  place  where  the  water-power  is  found.  Sometimes  the 
water-power  is  found  in  one  State  and  the  electrical  energy  used  in  an- 
other. Under  existing  law  25  per  cent  of  the  rental  charge  paid  by  the 
developer  to  the  Forest  Service  goes  to  the  coimty  where  the  land  used 
is  situated  in  lieu  of  taxes.  If  the  rental  charge  is  not  made,  the  de- 
veloper escapes  the  payment  of  what  amounts  to  a  county  tax  and  the 
county  is  deprived  of  the  revenue  it  would  enjoy  were  the  land  in  private 
ownership. 

Some  of  the  water-power  developers  on  National  Forest  lands  have 
contended  that  the  rate  of  charge  for  the  use  of  public  land  should  be 
limited  to  the  expense  incurred  by  the  Government  by  reason  of  the  use 
of  the  property  by  the  permittee.  The  representatives  of  the  Govern- 
ment considered  also  the  value  of  the  land  to  the  permittee  for  the  use 
to  which  it  is  put  in  endeavoring  to  arrive  at  the  proper  basis  for  a 
charge.  However,  in  determining  the  amount  of  the  charge  it  has 
always  been  the  intention  to  make  it  reasonable  under  all  circumstances, 
and  it  has  never  been  intended  that  the  charge  be  imposed  for  the  pri- 
mary purpose  of  obtaining  as  much  revenue  as  possible.  No  schedule 
of  charges  was  at  first  prepared.  The  first  few  water-power  permits 
provided  for  a  flat  annual  charge,  varying  from  $10  to  $100,  depending 
on  the  magnitude  of  the  project.  It  was  early  evident  that  some  pro- 
portionate basis  for  this  charge  should  be  adopted.  It  was  finally  deter- 
mined that  there  should  be  a  fixed  construction  charge,  based  on  the 
amount  of  land. occupied,  which  should  run  from  the  time  the  permit 
was  issued.  This  charge  was  established  at  $5  per  mile  per  annum  for 
conduits  and  transmission  lines  and  $1  per  acre  per  annum  for  reser- 
voirs. It  was  determined  that  there  should  also  be  a  conservation  charge 
based  on  the  higher  value  of  the  land  by  reason  of  the  protection  of  the 
watershed,  which  additional  charge  should  begin  when  the  plant  was 
constructed  and  in  operation.  It  was  held  that  the  protection  of  the 
forest  cover  was  a  benefit  to  water-power  permittees,  in  that  it  provided 
a  more  even  flow  of  water  and  prevented  erosion  and  the  filling  of  the 
reservoirs  with  silt.    Therefore,  in  fixing  the  charge,  two  factors  were 
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considered :  First,  the  protection  of  the  watershed  from  which  the  water 
was  obtained,  and,  second,  the  fall  on  National  Forest  land  which  made 
the  water  valuable  for  power  development.  The  protection  of  the  water- 
shed and  the  fall  obtained  were  deemed  factors  of  equal  importance.  If 
the  conservation  charge  for  a  given  plant  should  be  fixed  at  $1,000,  half 
of  this  amount  would  be  considered  as  due  to  watershed  protection  and 
the  other  half  to  fall.  If  a  part  of  the  watershed  or  a  part  of  the  fall 
was  not  on  lands  owned  by  the  United  States,  the  conservation  charge 
would  be  reduced  by  a  proportional  amount. 

The  purpose  of  making  a  charge  before  a  plant  was  put  in  operation — 
that  is,  the  construction  charge  based  on  the  acreage  in  the  reservoir 
and  mileage  of  a  conduit — ^was  to  discourage  speculative  withholding  of 
water-power  sites  by  those  who  did  not  intend  to  make  a  development 
themselves,  but  sought  to  control  sites  in  order  that  they  might  dispose 
of  them  to  actual  users.  This  requirement,  it  was  believed,  together 
with  one  that  the  plant  should  be  constructed  and  put  in  operation 
within  a  specified  time,  would  tend  to  prevent  specidative  holding  of 
water-power  sites. 

The  earliest  permits  also  contained  certain  conditions  having  for  their 
object  the  protection  of  the  forest.  These  related  to  the  removal  and 
destruction  of  brush  so  as  to  lessen  the  danger  from  fire,  the  payment 
for  merchantable  timber  destroyed,  and  the  building  and  repairing  of 
roads  and  trails  necessitated  by  the  construction  of  the  works. 

A  brief  experience  with  permits  providing  for  an  indefinite  charge, 
as  was  the  case  when  the  amount  of  conservation  charge  was  not  fixed, 
but  left  to  future  adjustment,  showed  that  they  were  unsatisfactory  to 
permittees  who  were  obliged,  in  financing  their  projects,  to  show  the 
financiers  just  what  charges  of  every  character  the  project  would  have 
to  meet.  After  several  conferences  with  representatives  of  companies 
which  were  proposing  to  make  large  developments  within  the  National 
Forests,  a  new  form  of  permit  was  devised.  This  form  of  permit,  like 
the  one  which  preceded  it,  provided  for  the  payment  of  a  construction 
charge  at  the  rate  of  $1  per  acre  per  annum  for  reservoir  and  power- 
house sites  and  $5  per  mile  per  annum  for  conduit  and  transmission 
lines  from  the  time  the  permit  was  issued,  and  a  conservation  charge 
payable  when  the  actual  development  of  power  commenced.  The  rate 
of  the  conservation  charge  was  2  cents  per  thousand  kilowatt  hours  for 
the  first  year,  as  determined  by  reading  the  meter,  increasing  thereafter 
by  2  cents  each  year  for  four  years.  Subsequent  to  the  first  five-year 
period  the  rate  was  to  increase  by  an  increment  not  to  exceed  2^^  cents 
for  each  five-year  period,  so  that  in  the  period  from  the  36th  to  40th 
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year^  inclusive^  the  highest  possible  rate  in  any  case  would  be  27%  cents 
per  thousand  kilowatt  hours.  The  amount  for  any  given  period  could, 
therefore^  be  determined  by  multiplying  the  output  in  thousand  kilo- 
watt hours  by  the  rate.  The  rates  of  charge  named  in  the  permit  were 
the  maximum.  Reductions  from  the  maximum  charges  were  made  on 
account  of  the  part  of  the  watershed  or  fall  not  located  on  National 
Forest  land.  It  was  recognized  that  in  many  cases  plants  would  be  put 
in  operation  without  having  a  market  for  their  full  capacity,  and  there- 
fore, during  the  first  few  years  of  operation,  the  charge  was  made  very 
small.  It  was  provided  that  the  clause  respecting  charges  should  re- 
main in  eflfect  for  40  years. 

Under  the  terms  of  the  law,  as  has  been  explained,  these  permits  were 
subject  to  revocation  by  the  Secretary  of  Agriculture  in  his  discretion. 
It  is  inconceivable,  however,  that  this  discretion  would  be  used  except 
for  sufficient  reasons,  and  then  only  in  the  interest  of  the  public. 

This  form  of  permit  was  further  amended  during  the  fall  of  1908  by 
more  clearly  defining  the  reasons  for  which  deductions  from  the  maxi- 
mum charge  should  be  made.  An  additional  reason  for  deduction  was 
also  provided;  this  was  that  the  permittee  should  not  pay  for  power 
generated  through  the  use  of  stored  water.  The  purpose  of  this  deduc- 
tion was  to  encourage  the  construction  of  storage  reservoirs,  and  thereby 
encourage  a  fuller  power  development  of  a  stream.  It  is  possible  by 
proper  meters  and  stream  gauging  to  determine  what  portion  of  the 
water  used  by  a  hydro-electric  plant  is  due  to  natural  flow  and  what  to 
storage.  This  new  form  of  permit  also  provided  for  continuous  opera- 
tion of  a  plant  after  it  was  constructed,  the  purpose  being  to  prevent  a 
site  from  being  partially  used  and  the  prices  of  electric  power  to  the 
consumer  forced  up  through  failing  to  meet  the  market  demands.  It 
was  further  provided  that  the  permit  should  be  forfeited  in  case  the 
works  were  transferred  in  any  manner  to  a  company  in  the  nature  of 
an  unlawful  trust  whose  purpose  was  to  limit  the  output  of  electric 
energy  or  to  restrain  trade. 

The  objection  to  this  permit  from  an  administrative  standpoint  was 
that  it  required  officers  of  the  Government  to  keep  a  check  on  the  output 
of  the  plants  affected.  The  only  men  available  for  this  work  are  Forest 
Bangers,  and  to  attend  to  it  efficiently  they  would  be  required  to  have 
a  technical  knowledge  of  electrical  machinery,  which  could  not  ordi- 
narily be  expected,  and  the  employment  of  specially  trained  men  would 
be  necessary.  An  additional  objection  is  the  unsatisfactory  character 
of  the  meter  reading  as  a  final  record  of  output. 
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Present  Regulations 

By  the  spring  of  1909  the  work  of  administration  had  developed  to  an 
extent  which  led  to  the  appointment  of  a  hydro-electrical  engineer  to 
study  water-power  development  on  the  National  Forests  from  an  engi- 
neering standpoint  and  to  devise  new  methods  of  handling  the  business 
under  existing  law.  For  neariy  a  year  the  engineer  carried  on  investi- 
gations and  studies  on  the  ground.  In  addition  to  the  data  obtained  in 
the  field  he  had  the  benefit  of  the  experience  of  administrative  officers 
of  the  Forest  Service  who  fox  several  years  had  been  administering  the 
act  and  studying  the  problems  involved.  He  was  able  also  to  obtain 
from  engineers  and  others  interested  in  water-power  development  data 
relating  to  the  purchase  price  or  rental  of  sites  on  private  land  and  their 
experiences  in  the  development  of  water-power  on  the  public  lands  and 
elsewhere.  As  the  result  of  these  investigations  a  set  of  revised  regula- 
tions was  drawn  up  in  the  summer  of  1910^  and  their  adoption  recom- 
mended by  the  Forester  and  the  Solicitor  of  the  Department.  They 
were  approved  and  promulgated  by  the  Secretary  of  Agriculture  on 
December  28^  1910^  and  are  the  regulations  under  which  the  act  is  now 
administered  by  the  Department  of  Agriculture. 

All  permits  are  issued  by  the  Secretary  of  Agriculture  with  the  ex- 
ception of  permits  for  small  non-commercial  plants  which  the  District 
Foresters  are  authorized  to  issue,  since  they  involve  the  use  of  a  com- 
paratively small  amount  of  power  development,  and  it  is  the  purpose  of 
the  regulations  to  make  their  acquisition  as  simple  as  possible. 

The  regulations  provide  for  two  kinds  of  permits  which  are  designated 
'Treliminary*'  and  'Tinal.'*  The  purpose  of  the  ''preliminary''  permit 
is  to  give  the  locator  of  what  is  believed  to  be  a  valuable  water-power 
site  a  preference  right  for  a  reasonable  time  within  which  to  obtain  the 
data  and  make  the  surveys  necessary  to  prepare  and  submit  an  applica- 
tion for  a  final  permit.  The  right  obtained  is  somewhat  analogous  to 
the  right  a  miner  acquires  by  making  a  mining  location.  He  has 
staked  his  claim,  and  is  given  a  certain  period  in  which  to  perfect  it. 
No  permanent  rights  to  occupy  land  or  construct  works  are  secured  until 
a  final  permit  is  issued,  and  this  must  be  obtained  within  the  period 
specified  in  the  ''preliminary*'  permit.  But  provision  may  be  made  for 
permitting  such  work  as  may  be  necessary  to  comply  with  State  law 
regarding  water  appropriation.  The  requirements  for  obtaining  a  "pre- 
liminary" permit  are  exceedingly  simple,  and  can  be  fulfilled  by  the  ap- 
plicant in  a  short  time  and  at  small  expense. 
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Before  obtaining  a  "final**  pennit  the  applicant  is  required  to  file 
certain  data  and  maps  which  give  detailed  information  with  respect  to 
the  location,  size,  and  construction  of  the  proposed  works.  The  data 
and  maps,  however,  are  such  as  would  be  obtained  by  any  developer  for 
his  own  information  before  undertaking  to  construct  a  large  project. 
Furthermore,  such  data  and  maps  would  ordinarily  have  to  be  secured 
by  the  developer  before  he  could  finance  the  project. 

The  Secretary  of  Agriculture  cannot,  under  existing  law,  bind  himself 
or  his  successors  in  issuing  permits  for  a  fixed  term.  A  final  permit 
issutsd  under  the  present  regulations  provides  that  imless  sooner  revoked 
by  the  Secretary,  it  shall  terminate  at  the  expiration  of  50  years  from 
the  date  it  is  issued.  It  provides  also  that  it  may  be  deemed  to  be  an 
application  by  the  permittee  for  a  new  permit  to  continue  the  use  of  the 
land  at  the  expiration  of  the  50-year  period  under  the  laws  and  regula- 
tions then  in  force,  thus  granting  the  permittee  a  preference  right  to 
continue  such  use. 

Permits  are  not  transferable,  but  upon  presentation  to  the  Secretary 
of  certified  copies  of  sale,  lease,  assignment,  execution  of  judgment,  or 
other  form  of  transfer  of  the  properties  or  other  rights  of  the  permittee 
to  the  works  constructed  under  a  permit,  and  of  the  water  and  other 
rights  necessary  to  the  enjoyment  of  the  use  of  such  works,  the  Secre- 
tary may  issue  a  new  permit  to  the  purchasers  of  the  works,  etc.,  for  the 
unexpired  term  of  the  original  permit. 

Since  under  the  act  of  February  15,  1901,  the  occupancy  and  use  of 
National  Forest  land  is  the  sole  privilege  granted,  no  attempt  is  made  to 
adjudicate  conflicting  water  rights,  but  the  applicant  is  required  to  make 
a  prima  facie  showing  that  he  has  a  right  under  State  law  to  divert  and 
use  water.  This  provision  has  no  bearing  upon  the  mooted  question  of 
Federal  or  State  authority  over  water. 

The  present  regulations  classify  the  use  of  land  for  water-power  de- 
velopment as  either  "non-commerciaF*  or  "commercial."  The  use  is 
considered  non-commercial  when  the  works  are  owned  and  used  solely 
by  the  permittee  for  one  or  more  of  the  following  purposes :  In  the  oper- 
ation of  their  own  mines  or  in  the  milling  and  reduction  of  ores  there- 
from; as  auxiliary  to  irrigation  works  owned  and  operated  by  the  per- 
mittee; temporarily,  in  the  construction  of  other  works  for  which  per- 
mission has  already  been  granted  the  permittee;  by  municipalities  for 
municipal  purposes;  or  for  such  other  miscellaneous  uses  as  may  be 
determined  by  the  Secretary  of  Agriculture.  All  other  uses  are  classed 
as  commercial. 
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Permits  for  commercial  plants  are  conditioned  on  (a)  prompt  and 
complete  development  and  utilization  of  a  site;  (b)  continuous  opera- 
tion to  the  extent  of  market  demands;  (c)  paymenH  of  a  reasonable 
charge  to  the  United  States  for  the  lands  occupied;  (d)  publicity  with 
respect  to  the  amount  of  power  generated;  (e)  operation  without  re- 
straining trade  with  foreign  nations  or  between  two  or  more  States  or 
Territories  or  within  any  State  or  Territory,  and  (/)  protection  of  the 
National  Forest  occupied. 

These  conditions  are  as  follows: 

(a)  Prompt  and  complete  development  and  utilization  of  a  site  are 
secured  when,  within  the  period  required  for  actual  construction,  works 
are  constructed  through  which  all  the  power  needed  to  meet  the  present 
and  immediately  prospective  public  demands  for  power  are  developed. 
The  amount  of  power  available,  the  public  needs,  and  the  works  to  be 
constructed  to  obtain  the  contemplated  development  or  utilization  are 
determined  by  competent  engineering  investigations.  The  permittee  is 
required  to  begin  and  complete  construction  within  such  reasonable 
period  as  seems  necessary,  taking  into  consideration  the  location  and 
magnitude  of  the  project.  Provision  is  made  for  making  a  progressive 
development.  A  permittee  who  intends  to  construct  a  storage  reservoir, 
and  several  miles  below  it  a  conduit  and  generating  plant,  may  be 
allowed  to  construct  the  conduit  and  generating  plant  first,  and  after 
these  are  completed  to  conmience  construction  o£  the  reservoir. 

(b)  To  guard  against  a  plant  not  being  put  to  its  fullest  beneficial 
use  after  it  is  constructed  and  in  operation,  permittees  are  required  to 
operate  continuously  unless  prevented  by  unavoidable  accidents  or  con- 
tingencies. The  Secretary  of  Agriculture,  however,  upon  a  full  and 
satisfactory  showing  of  reasons,  may  temporarily  waive  this  require- 
ment. If  speculative  acquisition  and  holding  of  sites  before  the  works 
are  constructed  can  be  prevented,  and  utilization  of  the  capacity  of  the 
sites  can  be  secured  in  the  construction  of  the  works,  there  will  be  little 
danger  that  the  works  will  not  be  operated,  since  the  interest  charged 
on  the  money  invested  will  prove  the  strongest  incentive  to  continuous 
operation  to  the  full  extent  of  the  available  market. 

(c)  Permittees  are  required  to  make  an  annual  pajmtient  to  the  Treas- 
ury of  the  United  States  as  rental  for  the  Government  lands  used.  The 
charge  is  based  on  the  value  of  the  lands  for  water-power  development. 
This  value  is  determined  by  ascertaining  the  amount  of  horsepower  that 
can  be  generated  at  a  site.  The  regulations  provide  that  the  maximum 
rate'  of  charge  shall  be  $1  per  horsepower  per  annum  on  the  estimated 
average  annual  output  of  the  works.    It  is  recognized  that  some  time 
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is  required  to  develop  the  market;  therefore  the  rate  begins  at  10  cents 
per  horsepower  per  annum  for  the  first  year  of  operation,  and  is  in- 
creased 10  cents  per  year  until  the  $1  charge  is  reached.  In  other  words, 
the  permittee  has  ten  years  at  reduced  rates  to  fully  develop  his  market. 
The  charge  begins  with  the  commencement  of  operation  of  the  plant. 
To  discourage  speculative  withholding  of  sites,  however,  both  prelim- 
inary and  final  permits  provide  for  annual  payments  from  the  date  they 
are  issued,  such  payments  being  at  the  same  rate  as  those  made  after 
the  plant  is  put  in  operation.  These  payments  are  applied  as  credits, 
so  that  in  case  the  plant  is  completed  and  operation  is  begun  in  accord- 
ance with  the  terms  of  the  permit,  the  permittee  has  deposits  to  his 
credit  which  will  relieve  him  from  making  any  further  payments  imtii 
these  credits  are  exhausted.  If  the  plant  is  not  constructed  the  per- 
mittee forfeits  these  payments.  He  has,  in  effect,  paid  the  Government 
for  an  option  which  he  has  held.  No  provision  is  made  for  the  periodic 
readjustment  of  the  rate,  since  it  is  the  intent  of  the  regulations  that, 
when  the  permit  is  granted,  the  permittee  shall  know  definitely  the 
entire  rental  liability  for  the  50-year  period  during  which  the  rates  are 
to  be  in  force.  The  charge  for  rental  is  not  made  on  the  theoretical 
capacity  of  the  site,  but  on  the  estimated  average  annual  output  of  the 
works  permitted.  ^Tower  capacity'^  as  \ised  in  the  regulations  means 
estimated  average  annual  station  output  in  electrical  horsepower  which, 
under  continuoTis  operation  with  reasonable  load  factor,  is  possible  of 
development  from  all  water  available,  therefore  falling  through  effective 
head,  with  deductions  for  reasonable  mechanical  and  electrical  losses  in 
generating  machinery.  The  term  '^oad  factor*'  means  ratio  of  average 
output  to  maximum  output.  After  the  deductions  are  made  for  me- 
chanical and  electrical  losses  in  generating  and  for  load  factor,  the 
capacity  on  which  charge  is  based  is  in  general  considerably  less  than 
60  per  cent  of  the  maximum  capacity  of  the  works  permitted.  Of 
course,  in  a  great  many  instances  a  part  of  the  works  necessary  to  the 
operation  of  a  plant  may  be  located  on  private  land.  When  this  is  the 
case,  a  deduction  is  made  from  the  maximum  charges  proportionate  to 
the  amount  of  such  land.  It  is  recognized  that  the  data  on  which  power 
capacity  is  determined  are  often  insuflBcient,  and  the  permits  provide 
for  readjustment  of  capacity  every  ten  years.  The  company  having 
kept  a  record  of  its  output  and  also  a  record  of  water  measurements,  a 
more  equitable  determination  of  power  capacity  can  then  be  made. 

(d)  The  books  and  records  of  a  permittee,  in  so  far  as  they  show  the 
amount  of  electrical  energy  generated  by  the  works  constructed  under 
permit  or  the  amounts  of  water  used  in  the  operation  of  such  works, 
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are  required  to  be  open  to  the  inspection  of  the  Secretary  of  Agricul- 
ture or  his  representative.  A  permittee  may  also^  during  January  of 
each  year,  be  required  to  furnish  the  Secretary  of  Agriculture,  in  such 
form  as  he  may  prescribe,  a  statement  giving  the  substance  of  the 
records  and  measurements  in  his  possession. 

(e)  Works  constructed  under  permit  miist  not  be  held  or  used  in 
restraint  of  trade.  A  violation  of  this  condition  would  be  sufficient 
grounds  for  the  revocation  of  the  permit. 

(/)  To  protect  the  Forest  occupied,  the  permittee  is  required  to  pre- 
vent and  suppress  forest  fires,  to  dispose  of  all  brush  or  refuse  accumu- 
lating during  construction,  to  pay  for  timber  cut  or  destroyed  on  the 
right  of  way,  to  reconstruct  any  roads  or  trails  which  may  have  been 
destroyed,  to  build  suitable  crossings,  to  protect  telephone  lines,  and  to 
pay  for  all  damage  to  the  National  Forests  resulting  from  the  breaking 
of  conduits  or  dams. 

The  Forest  Service  maintains  a  field  force  fully  organized  to  carry 
into  effect  the  present  regulationei  of  the  Secretary  of  Agriculture  and 
to  deal  promptly  and  efficiently  with  all  the  users  of  the  National  For- 
ests, including  the  developers  of  water-power.  An  application  for  a 
permit  is  filed  with  the  District  Forester  in  whose  district  the  lands  are 
situated.  The  District  Forester  has  all  the  necessary  administrative, 
engineering,  and  clerical  assistance  to  enable  him  to  conduct  directly 
and  promptly  with  the  applicant  all  business  relating  to  the  application 
which  falls  within  the  scope  of  the  regulations.  A  report  on  physical 
conditions  on  the  ground  is  made  by  field  officers,  and  a  thorough  in- 
vestigation and  a  detailed  report  on  the  engineering  phases  of  the  pro- 
posed development  are  made  by  a  competent  hydro-electrical  engineer. 
The  application  and  these  reports  are  reviewed  by  the  Chief  Engineer 
and  by  the  Forester,  and  are  submitted,  with  the  entire  record  of  the 
case  and  the  Forester's  recommendations,  to  the  Secretary  for  final 
action. 

PROPOSED  LEGISLATION 

Some  prospective  developers  of  water-power  on  the  National  Forests 
contend  that  the  law  should  be  so  amended  as  to  enable  them  to  obtain 
patents  to  the  water-power  sites  they  desire  to  use,  and  that  the  acquisi- 
tion of  such  titles  should  not  be  conditioned  upon  any  right  of  the  (Gov- 
ernment to  regulate  the  subsequent  development  and  sale  of  power  or 
upon  the  payment  of  any  compensation  to  the  (Jovernment.  Such  de- 
velopers are  among  those  who  contend  that  water-power  and  all  other 
natural  resources  should  be  developed  by  individual  enterprise  without 


24  PROCEEDINGS  OF  THE  SOCIETY  OF  AMERICAN  FORESTERS 

Federal  regulation  or  restriction.  It  is  generally  admitted  that  the 
laws  now  in  forca  are  inadequate  to  secure  full  development  of  water- 
power  on  the  public  domain ;  but  in  spite  of  the  contention  of  those  who 
desire  to  secure  special  benefits  at  the  expense  of  the  public^  there  is  a 
marked  trend  of  public  opinion  opposed  to  parting  with  the  title  to 
public  landd  which  are  valuable  for  water-power  development  and  in 
favor  of  leasing  such  land,  and  of  Federal  and  State  regulation  of 
water-powers.  Objection  to  the  permits  issued  under  existing  law  was 
expressed  by  a  representative  of  one  of  the  largest  water-power  devel- 
opers in  the  country  in  the  foUowing  terms: 

"What  is  the  nature  of  this  permit  and  what  rights  does  the  company 
really  acquire  under  it?  It  obtains  a  right  which  is  revocable  at  will, 
unassignable,  therefore  unmortgageable,  subject  to  interference  from 
mining  claims,  and  which  becomes  void  whenever  any  change  is  made 
in  the  status  of  the  lands,  either  by  transfer  from  the  jurisdiction  of  one 
department  to  another  or  by  the  granting  of  the  right  of  entry.  This 
is  certainly  a  very  flimsy  peg  on  which  to  hang  an  investment  of  several 
million  dollars.'^     (Page  95,  Senate  Document  No.  274,  62d  Congress.) 

It  is  very  evident,  in  the  laws  so  far  passed  by  Congress,  that  it  was 
the  intention  to  retain  title  to  water-power  sites  on  public  land,  and  it  is 
equally  evident  that  such  laws  have  made  a  mere  territorial  disposition 
of  the  lands  preliminary  to  the  enactment  of  laws  establishing  a  fixed 
policy  for  the  regulation  of  water-power  development  on  such  lands. 
During  the  past  threes  years  a  large  number  of  water-power  bills  have 
been  introduced  in  Congress,  but  none  of  them  were  voted  upon.  The 
provisions  of  these  bills  varied  widely,  from  an  unrestricted  grant  to  a 
license  under  regulation.  Some  proposed  to  grant  the  right  of  con- 
demnation under  State  laws,  while  others  proposed  to  transfer  to  the 
States  the  title  to  the  sites  with  authority  to  grant  rights  of  way  under 
State  regulations. 

Easement  Without  Regulation  or  Compensation 

H.  E.  18965,  62d  Congress,  provided  that  easements  for  all  rights  of 
way  which  have  been  permitted  pursuant  to  the  act  of  February  15, 
1901  (31  Stat.,  790),  shall  be  confirmed  upon  the  filing  of  proof  of  con- 
struction with  the  Secretary  of  the  Interior  within  six  months  after  the 
date  of  approval  of  the  act  or  the  completion  of  construction. 

Rights  of  Way  and  Subsequent  Patent 

A  bill  (S.  2661,  60th  Congress)  provided  for  a  grant  of  rights  of  way, 
with  authority  to  grantee  to  purchase  and  secure  patent  to  the  land  used 
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at  a  price  of  $2.50  an  acre  after  completion  of  the  works;  for  payment 
to  settlers  whose  rights  are  taken  or  injured  by  the  construction  of 
works ;  for  the  payment  of  a  charge  of  $1  per  acre  and  $1  per  mile  for 
the  use  of  the  right  of  way  prior  to  securing  patent,  and  for  forfeiture 
of  rights  of  way  for  non-use.  It  also  provided  that  the  obligations  and 
benefits  of  the  bill  were  to  apply  to  all  existing  rights  of  way  or  permits. 

Title  by  Condemnation  under  State  Law 

H.  B.  17539,  H.  B.  23586,  S.  8025,  61st  Congress,  each  provided  that 
lands  of  the  United  States,  including  National  Forest  lands,  might  be 
acquired  by  condemnation  for  any  public  purpose  or  use  prescribed  by 
the  laws  of  the  State  or  Territory  where  the  lands  were  located,  and 
permitted  the  United  States  to  become  a  party  to  any  stut  or  condemna- 
tion proceeding  for  such  purpose. 

Right  of  Way  with  State  Regulation 

H.  B.  20979,  6l8t  Congress,  and  H.  B.  8778,  62d  Congress,  each  pro- 
vided for  an  outright  grant  of  rights  of  way,  for  State  control  and  regu- 
lation of  rates  to  consumers,  for  a  forfeiture  for  non-use,  and  for  the 
payment  to  the  Government  of  a  fee  not  less  than  $1.25  nor  more  than 
$20  per  acre  for  the  land  granted. 

The  obligations  and  benefits  of  these  bills  were  to  apply  to  all  existing 
rights  of  way  or  permits. 

Grants  to  States  and  Use  under  State  Law 

S.  5704,  S.  7055,  S.  7432,  H.  B.  11932,  Gist  Congress,  and  H.  B. 
18486,  62d  Congress,  each  provided  that  any  unappropriated  public 
land  not  included  in  National  Parks,  Indian  and  Military  Beservations 
necessary  for  water-power  development,  be  granted  to  the  several  States 
wherein  the  lands  are  situated,  in  trust  for  the  benefit  of  the  people  of 
said  States,  respectively;  that  the  several  States  may  by  legislation  pro- 
vide for  the  use  of  said  land  upon  terms  prescribed  by  the  States,  re- 
spectively. 

Leases 

H.  B.  19158,  60th  Congress  (the  Agricultural  Appropriation  Bill  for 
the  fiscal  year  1909),  contained  an  item  which  was  inserted  on  the 
recommendation  of  the  Department  of  Agriculture,  which  authorized 
the  Secretary  of  Agriculture  to  issue  water-power  permits  on  National 
Forest  lands  for  periods  not  exceeding  50  years,  irrevocable  except  for 
breach  of  conditions,  and  which  provided  that  any  sale  or  disposal  of  the 
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land  or  any  mineral  location  thereon  should  be  subject  to  such  permits. 
This  item  was  stricken  from  the  bill  in  the  House  on  a  point  of  order. 

H.  B.  23702,  6l8t  Congress,  provided  that  permits  for  the  occupancy 
and  use  of  lands  in  National  Forests,  National  parks,  Indian  and  other 
reservations  and  the  unreserved  public  domain  of  the  United  States 
may  be  issued  under  the  act  of  February  15,  1901  (31  Stat.,  790),  by 
or  under  the  authority  of  the  Secretary  of  the  Department  charged  with 
the  custody  and  control  of  the  lands  affected,  for  such  period  not  exceed- 
ing 50  years  as  such  Secretary  may  prescribe,  and  during  such,  period 
may  be  irrevocable  except  for  breach  of  conditions. 

S.  10794,  61st  Congress,  and  H.  R.  751,  62d  Congress,  were  identical, 
and  provided  that  permits  granted  imder  the  act  of  February  15,  1901, 
shall  be  for  a  fixed  term  of  50  years,  irrevocable  for  the  term  except  for 
breach  of  conditions  thereof;  that  any  patent,  sale,  or  disposal  of  the 
land  or  any  mineral  location  thereon  shall  be  subject  to  such  permit; 
that  the  permittee  might  have  a  preference  right  to  a  new  permit  for  a 
further  period  not  to  exceed  50  years,  subject  to  the  laws  and  regula- 
tions then  in  force,  and  that  such  permits  shall  be  assignable  or  trans- 
ferable with  the  assent  of  the  Secretary  of  the  Interior. 

S.  4714,  61st  Congress,  provided  for  withdrawal  from  all  forms  of 
entry  of  lands  valuable  for  water-power  development;  for  a  license  for 
the  exclusive  use  of  sites  for  periods  not  exceeding  30  years ;  for  assign- 
ment of  such  rights;  for  the  payment  of  an  application  fee  of  10  cents 
for  each  horsepower  which  may  be  developed  at  such  site ;  for  the  payment 
each  year  of  a  fee  to  be  fixed  by  the  Secretary  of  Agriculture  of  not  less 
than  one-half  of  one  per  cent  or  more  than  one  per  cent  of  the  gross  re- 
ceipts of  the  preceding  year,  with  a  readjustment  at  the  expiration  of 
each  ten-year  period ;  for  the  payment  of  a  fee  after  the  expiration  of  ten 
years  from  the  approval  of  the  application  of  not  exceeding  $1  per 
horsepower  per  annum  for  the  power  which,  in  the  judgment  of  the 
Secretary,  may  be  developed  at  such  sites  in  excess  of  the  amount  act- 
ually developed ;  for  authorizing  the  Secretary  to  fix  maximum  rates  to 
consumers  and  for  the  enforcement  of  such  rates;  for  forfeiture  of 
license;  for  non-use  and  for  non-payment  of  fees;  for  reentry  after  for- 
feiture of  license  or  for  a  new  license  at  the  expiration  of  the  30-year 
period ;  for  publicity  of  records,  and  for  extending  the  provisions  of  the 
bill  to  all  existing  water-power  rights. 

S.  4733  and  H.  R.  22631,  61st  Congress,  are  identical,  each  providing 
for  withdrawal  from  all  forms  of  entry  of  any  of  the  public  lands  and 
reservations  for  public  uses ;  for  the  classification  of  lands  so  withdrawn 
as  agricultural,  irrigable,  dry-farming,  timber,  coal,  mineral.  National 
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Forest^  and  water-power  lands;  that  lands  classified  as  National  Forest 
lands  not  yaluable  for  water-power  should  continue  withdrawn  in  ac- 
cordance with  existing  law;  the  lands  classified  as  water-power  lands 
should  not  be  sold  or  disposed  of,  but  might  be  leased  by  the  Secretary 
of  the  Interior  for  terms  not  exceeding  25  years,  for  a  rental  of  not  less 
than  one  per  cent  for  the  first  ten  years,  two  per  cent  for  the  next  ten 
years,  and  three  per  cent  for  the  remaining  five  years  of  the  gross  earn- 
ings from  the  operation  of  the  water-power;  that  the  lease  should  pre- 
scribe the  time  within  which  development  of  the  power  should  begin 
and  be  completed;  that  the  lease  should  prohibit  violations  of  the  acts 
to  protect  trade  and  commerce  against  unlawful  restraint  and  monopo- 
lies (26  Stat.,  209),  and  for  forfeiture  of  the  lease  for  violation  of  its 
terms. 

S.  5486,  61st  Congress,  provided  for  classification  and  withdrawal  of 
reserved  and  unreserved  public  lands  more  valuable  for  power  develop- 
ment than  for  other  uses ;  for  granting  a  lease  for  a  term  of  not  exceed- 
ing 50  years,  upon  payment  of  an  entry  fee  of  not  exceeding  $1,000  and 
on  condition  that  all  water  rights  acquired  by  the  applicant  be  made 
appurtenant  to  the  lands,  and  upon  conveyance  to  the  United  States  of 
the  rights  of  way  necessary  for  the  complete  works  in  so  far  as  they  pass 
over  private  lands ;  that  the  lessee  should  pay  an  annual  charge  at  such 
rate  per  horsepower  developed  as  may  be  specified  in  the  lease,  with  a 
readjustment  of  such  rate  every  ten  years ;  that  the  entry  fee  be  credited 
to  the  amount  required  to  be  paid  annually  for  the  leasehold  privilege ; 
that  the  maximum  rates  to  be  charged  to  the  consumers  of  the  power 
developed  should  be  fixed  in  the  lease ;  that  the  lease  should  be  forfeited 
for  failure  to  make  development  within  the  period  prescribed  in  the  lease, 
to  operate  continuously,  or  to  pay  for  the  leasehold  privileges  as  pro- 
vide^  in  the  lease,  or  for  entry  into  any  agreement  or  combination  to 
limit  the  supply  of  the  electrical  current ;  that  at  the  expiration  of  the 
lease  the  Secretary  will  appraise  the  land  and  the  improvements  thereon 
separately,  and  offer  the  lessee  a  new  lease  for  a  period  of  not  exceeding 
40  years  on  equitable  terms  based  on  such  appraisal,  and  if  such  lessee 
should  decline  a  renewal  the  leasehold  privileges  will  be  sold  at  public 
auction  at  an  upset  price  to  be  based  on  the  appraisal  of  the  privileges 
and  improvements,  and  the  original  lessee  be  compensated  to  the  extent 
of  the  appraised  value  of  the  improvements  only. 

During  January,  1911,  the  urgent  need  for  a  solution  of  the  problem 
of  securing  full  development  and  of  administering  water-power  sites  on 
public  lands  led  the  Secretaries  of  Agriculture  and  the  Interior  to  ap- 
point a  joint  committee  representing  the  two  departments  to  study  the 
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problems  in  the  light  of  the  experience  of  both  departments  in  admin- 
istering the  present  law,  and  to  suggest  a  basis  for  recommendations  for 
congressional  action.  The  committee  was  composed  of  the  Forester, 
the  Solicitor,  and  the  Assistant  Forester  in  Charge  of  Lands  on  the 
part  of  the  Department  of  Agriculture,  and  the  Director  of  the  Geo- 
logical Survey,  the  Commissioner  of  the  General  Land  OflBce,  and  the 
Law  OflScer  on  the  part  of  the  Department  of  the  Interior.  On  January 
19,  1911,  the  committee  submitted  a  report  recommending  that  the 
head  of  each  executive  department  having  jurisdiction  over  and  custody 
of  land  needed  for  water-power  development  be  authorized  and  em- 
powered to  lease,  for  periods  not  exceeding  50  years,  any  part  of  the 
public  lands,  National  Forests,  or  other  reservations  or  National  parks, 
when  not  incompatible  with  the  public  interests  or  with  the  purpose  for 
which  such  lands  were  reserved  or  such  parks  were  created,  such  leases 
to  be  irrevocable  for  the  term  except  for  breach  of  conditions  thereof 
or  of  regulations  not  inconsistent  with  the  terms  of  the  lease,  or  for  per- 
sistence in  charging  users  a  rate  for  power  declared  excessive  by  the 
Supreme  Court  of  the  State  wherel  the  land  is  located  or  where  the 
power  is  sold.  The  report  recommended  that  the  heads  of  the  said 
executive  departments  be  authorized  to  promulgate  joint  and  uniform 
regulations  for  the  administration  of  such  water-power  development, 
including  a  reasonable  charge  for  the  occupancy  and  use  of  such  lands. 
It  recommended  that  such  leases  be  assignable  and  transferable  with  the 
consent  and  approval  of  the  head  of  the  department  having  jurisdiction 
and  control  of  the  lands  affected;  that  the  lessee  should  have  a  prefer- 
ence right  to  the  renewal  of  the  lease  for  a  further  period  of  not  to  ex- 
ceed 50  years  when  not  incompatible  with  the  public  interests,  and  that 
provision  be  made  for  reentry  by  the  Government,  and,  after  reentry 
or  after  the  termination  of  the  original  lease,  for  a  new  lease  to  another 
lessee  upon  the  payment  to  the  original  lessee  of  the  value  of  any  part 
of  the  works  which  are  available  and  serviceable  at  the  date  of  the  new 
lease.  It  recommended  that  the  President  be  authorized  and  empow- 
ered to  withdraw  such  leased  land  or  any  public  lands  designated  as 
valuable  for  water-power  development  from  all  forms  of  disposal  under 
any  of  the  public  land  laws  except  so  far  as  such  disposal  does  not  in- 
terfere with  their  use  for  water-power  development.  The  intent  of  the 
latter  provision  is  that,  in  so  far  as  possible,  lands  valuable  for  water- 
power  development  and  also  for  mining  or  settlement  may  be  used  for 
both,  the  water-power  use  to  be  recognized,  however,  as  the  dominant  one. 
On  February  2,  1911,  a  bill  (H.  B.  32399,  61st  Congress)  was  intro- 
duced, which  embodied  practically  all  the  provisions  recommended  in 
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the.  report  of  the  joint  departmental  committee,  but  specified  further 
that  the  scope  of  the  uniform  regulations  established  jointly  by  the  Sec- 
retaries of  Interior,  Agriculture,  Conmierce  and  Labor,  and  War  be 
limited  in  the  bill  to  the  construction,  maintenance,  and  operation  of 
the  works,  the  transfer,  assignment,  cancellation,  and  renewal  of  the 
lease,  the  qualifications  of  the  applicant,  the  evidence  of  appropriation 
of  water  by  the  applicant,  the  form  of  application,  examination,  and 
inspection  of  works  and  records,  the  removal  of  timber,  stone,  and  earth, 
the  building  and  repairing  of  roads  and  trails,  the  treatment  of  Gk)vem- 
ment  property  and  permittees,  the  prevention  and  suppression  of  forest 
fires,  the  damages,  the  rates  of  charge  to  lessees,  the  measurement  of 
capacities,  the  forfeiture,  reentry,  affidavits  and  certificates,  the  sale  of 
power  to  the  United  States,  and  to  others  when  not  inconsistent  with 
local  laws,  and  such  matters  as  to  them  should  seem  fit  in  connection 
with  the  purpose  of  the  act.  The  bill  further  provided  how  moneys 
arising  from  the  lease  of  such  lands  shall  be  disposed  of,  and  directed 
that  copies  of  the  regulations  adopted  by  the  Secretaries  be  transmitted 
to  Congress  as  soon  as  practicable,  and  that  annually  a  detailed  report 
of  all  power  developments  under  the  proposed  law  be  submitted  to  Con- 
gress. On  March  2,  1911,  this  bill,  with  slight  modifications  in  the 
language,  wa3  reintroduced  as  H.  E.  33000. 

A  bill  (H.  B.  19858,  62d  Congress)  was  introduced  on  February  10, 
1912,  which  contained  in  somewhat  different  language  all  the  provisions 
of  H.  B.  33000,  61st  Congress,  and  in  addition  provided  for  a  board 
consisting  of  one  member  each  appointed  by  the  Attorney-General,  the 
Secretary  of  War,  the  Secretary  of  the  Interior,  the  Secretary  of  Agri- 
culture, and  the  Secretary  of  Conmierce  and  Labor,  to  determine  before 
the  granting  of  any  lease  that  it  was  compatible  with  the  prompt,  com- 
plete, and  orderly  development  of  the  stream  or  streams  affected  thereby 
for  domestic  use,  power,  irrigation,  and  navigation;  the  bill  also  pro- 
vided that  all  moneys  received  from  leases,  after  deducting  the  cost  of 
administration,  shall  be  expended  on  rivers  and  streams  for  the  im- 
provement of  water-power,  domestic  water  supply,  irrigation,  and  navi- 
gation. 

A  bill  (S.  6796,  62d  Congress)  was  introduced  on  May  13,  1912, 
which  provided  that  the  Attorney-General,  the  Secretary  of  the  Interior, 
and  the  Secretary  of  Agriculture  shall  jointly  formulate  and  publish 
uniform  rules  and  regulations  under  which  the  head  of  the  executive 
department  having  jurisdiction  and  control  of  resented  or  unreserved 
public  lands  may  lease  such  lands,  for  periods  not  exceeding  fifty  years, 
for  the  purpose  of  constructing  water-power  works  thereon — ^when  such 
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leases  are  in  harmony  with  the  public  interests.  That  the  rules  and 
regulations  shall  provide  for  prompt  and  full  development  and  contin- 
uous operation;  for  a  reasonable  rate  of  rental;  for  enforcing  compli- 
ance on  the  part  of  the  lessee  with  the  laws  of  States;  for  negotiations 
for  a  renewal  of  the  lease  not  more  than  ten  nor  less  than  five  years 
prior  to  its  expiration;  for  the  valuation  and  compensation  for  the 
physical  properties  upon  the  termination  of  the  lease;  for  accurate  re- 
ports by  the  lessee  covering  the  cost,  rates  of  service,  and  profits;  for 
control  of  capitalization,  and  for  such  other  conditions  and  requirements 
as  may  be  necessary  to  fully  protect  the  public  interests.  That  in  case 
the  Government  shall  itself  take  over  the  properties  of  any  of  the  lessees, 
or  shall,  upon  expiration,  transfer  their  leases  to  other  parties,  it  shall 
pay  or  require  its  new  lessees  to  pay  the  reasonable  valuation  of  all  prop- 
erties taken  over  or  transferred,  including  all  work,  equipment,  struc- 
tures, and  property  located  or  acquired,  valuable  and  serviceable,  in- 
cluding the  transmission  system  from  generating  plant  to  initial  points 
of  distribution,  such  reasonable  values  to  be  determined  by  mutual 
agreement  between  the  head  of  the  department  and  the  lessee,  and  in 
case  they  cannot  agree,  then  by  condemnation  proceedings  in  the  United 
States  circuit  court;  that  any  lands  included  in  any  proposed  lease  shall, 
from  the  date  of  filing  the  application,  be  reserved  from  location  or 
entry,  provided  that  location  or  entries  under  the  mining  laws  may  be 
allowed,  so  far  as  the  same  will  not  impair  or  destroy  the  use  of  the 
lands  for  water-power  development,  and  when  so  located  or  entered  the 
water-power  shall  be  the  dominant  use — ^and  provided  that  the  President 
may  restore  such  lands  to  their  prior  status ;  that  leases  shall  not  be  as- 
signable nor  transferable  except  upon  the  written  consent  of  the  head  of 
the  executive  department  having  jurisdiction;  that  in  respect  to  every 
lease  the  Federal  Government  reserves  the  right  to  control  the  charges 
for  service  to  consumers  in  the  event  that  the  laws  and  authority  of  the 
State  or  municipalities  where  the  service  is  being  rendered  prove  inade- 
quate to  protect  the  public  interests ;  that  all  lands  of  the  United  States 
chiefly  valuable  for  the  development  of  water-power  are  reserved  from 
all  forms  of  entry,  and  that  the  head  of  the  department  having  control 
may  elect  and  designate,  and  list  the  same,  and  that  no  lands  so  listed 
shall  be  disposed  of  except  upon  the  conditions  that  the  water-power 
rights  are  reserved  in  perpetuity  to  the  United  States,  which  reserved 
right  shall  be  expressed  in  the  patent,  and  the  President  may  revoke 
such  designation  as  to  any  lands  not  under  lease;  that  if  any  holder  of 
a  lease  injure  or  damage,  by  the  erection  of  works,  the  lawful  possession 
of  any  settlers,  the  lessee  shall  be  liable  to  the  party  injured  for  such 
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injury  or  damage ;  that  the  regiQation  shall  be  transmitted  to  Congress, 
and  that  the  head  of  the  department  shall  make  a  report  to  Congress 
annually  of  each  lease  issued  during  the  year,  the  number  in  force,  the 
names  of  lessees,  terms,  location  and  amount  of  land  occupied,  capacity 
of  plant,  rates  and  amounts  of  rental  charges,  and  such  other  factor  as 
Congress  may  require. 

CONCLUSIONS 

There  are  but  three  main  factors  to  be  considered  in  promoting  water- 
power  development  on  National  Forest  lands,  viz.,  the  engineering 
problems,  the  security  of  the  investment,  and  the  protection  of  the  pub- 
lic interests.  Legislation  cannot  affect  the  first,  but  is  designed  to  pro^ 
vide  for  the  second  and  third. 

The  security  desired  Tby  investors  through  legislation  includes  the 
prevention  of  confiscation  of  capital  invested  in  the  works,  freedom 
from  restraint  in  securing  a  maximum  of  return  for  power  sold  to  con- 
sumers, and  exemption  from  the  payment  of  any  rental  or  purchase 
price  or  other  charge  for  the  public  lands  used  in  generating  the  power. 

The  protection  of  the  public  interests  through  legislation  desired  by 
the  Government  includes  the  prevention  of  speculative  withholding  of 
development  of  power  sites,  the  fullest  development  and  beneficial  use 
of  natural  resources,  a  proper  return  to  the  general  taxpayer  of  the 
nation  for  special  benefits  derived  from  the  use  of  public  property,  and 
reasonable  rates  and  efficient  service  to  consumers. 

In  analyzing  the  bills  which  have  been  introduced  in  Congress  since 
the  enactment  of  the  existing  laws,  those  provisions  which  were  de- 
signed to  give  security  to  the  investment  can  be  easily  distinguished 
from  those  which  give  protection  to  the  public  interests,  and  may  be 
summarized  as  follows : 

To  grant  easements  for  rights  of  way  upon  filing  proof  of  construc- 
tion. 

To  grant  rights  of  way,  with  authority  to  grantee  upon  completion 
of  construction  to  secure  patent  to  the  land  used. 

To  authorize  the  acquisition  of  public  land  for  power  development  by 
condemnation  under  State  laws. 

To  authorize  the  heads  of  executive  departments  to  execute  leases  for 
the  use  of  public  lands  for  power  development  thereon,  such  leases  to  be 
for  a  fixed  term  of  years  and  to  be  irrevocable  except  for  breach  of  con- 
ditions ;  such  lessees  to  have  a  preference  right  to  a  renewal  of  such  leases 
for  a  further  fixed  term  of  years,  subject  to  conditions  expressed  in  the 
3f 
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law,  to  have  the  right  to  transfer  or  asBign  such  leases  and  to  receive  com- 
pensation for  improvements  upon  the  termination  of  such  leases. 

To  make  the  patenting,  sale,  or  disposal  of  any  public  lands  covered 
by  such  leases  for  water-power  development  thereon  subject  to  such 
leases. 

The  provisions  in  these  proposed  laws  which  are  designed  to  protect 
the  public  interests  are  as  follows : 

That  lands  valuable  for  water-power  development  shall  not  be  pat- 
ented^ sold,  or  disposed  of^  but  shall  be  leased,  and  that  such  leases  shall 
be  forfeited  for  violation  of  their  conditions  or  of  the  requirements  of 
law. 

For  authority  to  require  the  fullest  beneficial  use  and  to  prescribe  the 
time  within  which  the  development  shall  begin  and  be  completed,  and 
for  requiring  continuous  operation  thereafter. 

For  requiring  the  payment  of  an  annual  rental  charge  for  the  use  of 
the  land. 

For  requiring  that  all  water  rights  acquired  by  the  lessee  used  in  the 
development  be  made  appurtenant  to  the  public  land  used. 

For  requiring  that  all  rights  of  way  necessary  for  the  complete  works, 
in  so  far  as  they  pass  over  private  lands,  be  conveyed  to  the  United 
States. 

For  payment  to  settlers  whose  rights  are  taken  or  impaired  by  the 
construction  of  works,  and  to  the  United  States  for  any  damage  to  pub- 
lic property  resulting  from  the  construction  or  operation  of  the  works. 

For  authority  to  require  the  lessee  to  prevent  and  suppress  forest 
fires. 

For  prohibiting  any  agreement  or  combination  to  limit  the  supply  of 
electrical  energy,  or  any  violation  of  the  act  to  protect  trade  and  com- 
merce against  unlawful  restraints  and  monopolies. 

For  control  and  regulation  by  the  heads  of  the  executive  departments 
or  by  the  States  of  maximum  rates  and  service  to  consumers. 

For  the  keeping  of  records  by  the  lessee  of  stream-fiow  and  of  the 
amount  of  power  developed,  and  for  the  publication  of  such  records. 

For  annual  reports  to  Congress  by  the  heads  of  the  executive  depart- 
ments of  all  power  developments  on  public  lands. 

In  conclusion,  it  appears  from  the  representations  of  the  developers 
and  the  experience  of  the  department  in  administering  the  present  laws, 
that  the  water-power  resources  of  the  National  Forests  will  not  be  fully 
utilized  until  there  is  a  settlement  of  the  vexatious  questions  as  to 
whether  the  water-power  sites  on  the  Forests  shall  be  owned  and  con- 
trolled by  the  Government  or  shall  be  allowed  to  pass  into  private  owner- 
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ship  to  be  developed  without  governmental  regulation  and  control,  and 
whether  the  appropriation  of  water  for  such  development  shall  be  con- 
trolled by  the  Federal  Government  or  by  the  State.  These  questions 
can  be  finally  settled  only  by  the  enactment  of  a  law  giving  protection 
alike  to  the  public  interests  and  security  to  the  investment. 

DISCUSSION* 

WALTER  L.  FISHER,  J.  H.  FINNEY,  PHILIP  P.  WELLS,  J08IAH  T.  NEWCOMB 

Walter  L.  Fisher:  The  subject  has  been  pretty  broadly  covered 
in  this  respect.  As  I  understand,  there  is  now  going  on  between  the 
two  departments  conferences  with  a  view  of  working  out  some  uni- 
form regulations  in  the  two  departments,  so  that  we  will  follow  the 
same  practice  in  each  department  and  secure,  uniformity,  and  that,  of- 
course,  has  naturally  led  to  some  discussion  of  the  fundamental  prin- 
ciples that  underlie  the  question  of  water-power  development,  and  we 
have  informally  discussed  at  considerable  length  at  one  time  or  another 
these  questions  at  issue.  That  committee,  I  think,  or  the  individuals 
who  have  the  matter  in  hand,  are  making  substantial  progress,  and  I 
hope  they  will  be  ready  to  present  for  action  by  heads  of  the  two  de- 
partments at  an  early  date  some  uniform  set  of  regulations.  Now,  the 
water-power  question  goes  pretty  deep.  I  donH  know  whether  the  ap- 
prehensions that  are  sometimes  voiced  as  to  the  failure  of  our  fuel  sup- 
ply are  justified;  but  it  is  quite  apparent  that  the  price  of  fuel  is  in- 
creasing, that  the  cost  of  power  produced  in  that  way  is  bearing  more 
heavily  constantly  upon  the  public,  and  that  there  is  a  very  large  waste 
going  on  through  the  use  of  those  forms  of  fuel  in  generating  power 
such  as  coal,  oil,  or  wood.  Any  fuel  of  that  kind  is  destroyed  in  its 
consumption,  and  once  destroyed  it  is  forever  gone. 

With  water-power,  as  we  all  know,  to  a  very  considerable  extent  at 
least,  if  not  entirely,  the  water  is  renewed  by  rain  and  snow,  and  we 
can  use  over  and  over  again  power  that  is  not  otherwise  used,  so  that 
the  exact  contrary  of  the  first  proposition  is  true.  In  the  use  of  fuel, 
as  coal  or  wood,  we  are  indulging  in  waste.  In  the  non-use  of  water- 
power,  we  are  just  as  truly  indulging  in  waste.  So  it  is  apparent  that 
non-use  and  non-development  are  waste,  just  as  much  as  use  is  in  the 
first  case.  So  it  is  to  the  interest  of  all  of  us  that  we  shall  settle  on  a 
policy  that  will  permit  vigorous  and  wise  development  of  water-power. 

Just  what  should  be  done  is  not  so  clear.  There  are  the  natural  dif- 
ferences of  view  that  exist  between  those  who  wish  to  use  the  resources 
of  the  country  for  the  purpose  of  making  a  profit  for  themselves,  and 


34  PEOCEEDINGS  OF  THB  SOCIETY  OF  AMERICAN  FORESTERS 

the  public,  which  wishes  to  see  this  development  go  on  for  the  benefit  of 
the  public.  In  our  present  civilization  we  are  relying  upon  the  in- 
centive of  private  gain  for  our  progress.  We  are  making  an  appeal  to 
enlightened  self-interest  as  the  motive  power  of  individual  action^  and 
as  long  as  we  adhere  to  it  we  must  make  the  incentive  effective,  or  we  will 
not  protect  the  public  interest,  and  we  will  not  get  the  development. 
So  long  as  we  look  to  those  men  for  the  development  we  must  make  it 
attractive.  If  capital  can  get  more  attractive  terms  in  other  fields,  it  is 
not  going  to  be  attracted  by  water-power  development.  On  the  other 
hand,  in  the  effort  to  make  the  inducement  an  attractive  one  we  may  go 
much  too  far,  and  very  materially  damage  the  public  interest.  Great 
difficulty  arises  in  creating  a  vested  interest  in  water-power — an  interest 
which  is  going  to  persist  after  a  very  considerable  time,  if  not  perpet- 
ually, and  which  will  bq  exceedingly  difficult  to  control  by  drastic  regu- 
lation. 

It  will  be  found  that  grants,  to  be  effective,  will  have  to  use  the  public 
highway,  or  will  have  to  appeal  to  the  State  for  assistance  in  such  mat- 
ter, and  we  will  be  justified  legally  and  morally  in  imposing  drastic 
regulation  from  the  top. 

Then,  too,  we  ought  to  foresee,  so  far  as  possible,  what  are  likely  to 
be  the  public  interests  of  the  future,  and  protect  those  interests  so  far 
as  we  can. 

How  to  reconcile  these  two  interests  is  a  difficult  problem.  The 
water-power  people  themselves — ^that  is  to  say,  the  more  influential  who 
are  now  engaged  in  water-power  development — are  learning  a  great  deal. 
They  have  come  around  to  the  conviction  that  they  are  going  to  be  regu- 
lated from  the  top,  if  not  otherwise,  and  they  will  stand  a  great  deal 
better,  will  be  treated  more  leniently,  will  avoid  the  friction  and  ill- 
feeling  that  is  constantly  aroused  by  these  demands  at  drastic  regula- 
tion, if  they  acquiesce  in  reasonable  regulations,  and  many  of  them  are 
prepared  today  to  acquiesce  in  a  form  of  statute  by  Federal  or  State 
governments  that  will  accomplish  pretty  nearly  everything  that  it  is  now 
clear  we  ought  to  accomplish.  They  are  prepared  to  go  pretty  nearly 
as  far  as  any  of  us  ask  them  to  go.  Unfortunately  some  are  associated 
with  them  that  are  not  so  enlightened,  and  the  gentlemen  who  are  ask- 
ing for  a  little  more  are  allowed  to  lead  the  fight.  The  men  who  think 
they  can  get  the  private  interests  a  little  more  are  controlling  to  the 
extent  of  preventing  direct  cooperation  on  the  part  of  the  power  people. 
And  that  is  the  situation  now. 

We  have  found,  in  talking  with  some  of  their  representatives  (I  think 
Mr.  Wells  will  bear  me  out),  a  disposition  on  the  part  of  these  repre- 
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sentatives  to  go  very  far — one  of  the  water-power  men,  especially,  and 
I  think  if  he  is  not  checked  by  his  lawyer  he  will  be  disposed  to  concede 
everything  we  ask  him.  It  may  be  his  attorney  may  scare  him  off  by 
telling  him  he  will  have  trouble  in  the  future. 

The  great  question  of  the  future  is  not  compensation.  I  think  there 
is  a  difference  between  the  owner  of  private  property  and  the  Govern- 
ment, which  asks  compensation  for  any  such  development  as  water- 
power. 

Water-power  which  is  generated  on  the  public  domain  must  either 
be  used  as  a  public  utility  and  sold  to  the  community  in  the  form  of 
power  for  electric  energy,  or  it  will  be  used  by  the  owners  of  the  water- 
power  plant  for  their  own  purposes  in  direct  manufacturing  and  in  the 
sale  of  the  products  of  manufacturing.  We  will  probably  be  able  to 
regulate  public  utilities  easily.  We  will  not,  however,  be  able  to  regu- 
late those  powers  which  are  being  used  in  manufacturing  directly  or 
through  a  disposition  other  than  a  public  utility,  unless  we  make  some 
restrictions  in  the  grant,  and  there  are  therefore  many  reasons  why  we 
should  put  in  provisions  for  compensation.  In  the  experimental  stages 
of  any  enterprise  the  compensation  charge  ought  to  be  small,  and  I  be- 
lieve we  should  be  very  moderate  indeed  in  our  demands  for  compensa- 
tion. But  we  should  also  reserve  the  right  to  regulate  compensation 
in  the  future  as  conditions  change.  Of  course,  that  ought  to  be  coupled 
with  some  form  of  protection  to  the  grantee,  and  the  only  suggestion 
made  which  seems  to  me  effective  is  that  there  should  be  a  provision  in 
the  grant  that  the  compensation  so  exacted  should  not  at  any  time  be  so 
large  as  to  reduce  the  return  on  the  investment  to  the  grantee  an  un- 
reasonable amount,  and  leave  that  question  of  what  is  a  reasonable 
amount  open  to  the  courts  or  some  other  tribunal,  where  we  can  act  in 
the  light  of  future  developments,  reserving  the  principle  at  this  time 
without  deciding  upon  the  details. 

Very  few  grantees  make  any  objection  to  provisions  for  prompt  de- 
velopment. They  recognize  the  soundness  of  the  contention  that  when 
power  is  turned  over  it  must  be  utilized,  for  by  refusing  to  develop,  and 
holding  the  power  they  could  develop,  they  enable  some  great  interest 
to  demand  unreasonable  charges  from  the  public.  Also,  they  could  hold 
the  site  undeveloped  for  speculative  purposes.  So  the  grantee  prac- 
tically conceded  that  development  must  be  made  within  a  reasonable 
"time. 

The  provision  with  regard  to  regulating  rates  and  service  under  local 
authority  seems  practically  conceded  where  the  power  is  sold  to  the 
public. 
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The  main  thing  about  which  the  contention  arises  today  is  over  the 
compensation  charge  and  over  the  Length  of  the  grant,  t.  0.,  all  these 
people  very  naturally — ^as  you  and  I  would  in  the  same  circumstanoes 
doubtless — ^would  like  to  have  a  grant  in  perpetuity.  They  donH  like 
to  face  the  alternative  of  50  or  any  other  number  of  years  from  now 
having  the  grant  run  out,  and  then  have  to  negotiate  for  a  renewal. 
That  is  met  by  the  suggestion  that  there  ought  to  be  provision  for  a 
renewal  at  the  end  of  the  grant  or  a  provision  that,  if  the  lease  is  nat 
renewed  and  the  plant  or  power  is  continued  in  use,  that  the  Govern- 
ment shall  take  over  the  plant,  and  pay  to  the  corporation  the  appraised 
value  of  the  property  at  that  time  or  the  value  based  on  some  other 
method  of  appraisal — that  is  a  very  difficult  thing  to  get  straightened 
out  at  this  particular  stage  of  public  discussion.  Xow  the  principle  is 
very  easy  to  state,  but  you  will  notice  that  in  one  of  the  bills  to  which 
Captain  Adams  referred  there  is  a  provision  for  taking  up  the  plant 
and  the  transmission  lines  also,  and  there  is  where  the  difficulty  begins 
to  come  in.  The  distributing  lines,  the  main  transmission  lines,  may 
not  be  on  Government  land  at  all.  They  may  be  on  the  public  highway^ 
on  State  lands,  or  wherever  you  please.  The  investment  in  transmis- 
sion lines  and  distributing  stations  is  many  times  that  in  the  main  gen- 
erating plant,  and  the  difficult  question  is  in  determining  how  far  you 
ought  to  go  so  as  to  protect  the  public  interest  at  one  end  and  the  private 
interest  at  the  other. 

To  make  it  clear :  We  are  now  transmitting  power  two  hundred  miles 
successfully,  and  there  are  negotiations  now  under  way  which,  if  success- 
ful, will  electrify  several  hundred  miles  of  main  line  railroad.  That 
will  show  how  far  power  development  is  proceeding.  Now  along  comes 
a  company  that  gets  a  permit  on  a  stream,  say  in  a  National  Forest,  and 
it  builds  a  plant  and  distributing  lines  carrying  current  two  hundred 
miles.  That,  of  course,  means  a  radius  of  two  hundred  miles,  or  a 
stretch  of  400  miles,  possibly.  Before  the  company  gets  through  it  may 
have  at  least  several  times  as  much  money  in  its  distributing  system  as 
in  the  power  plant.  Now,  if  you  provide  that  the  Government  shall 
take  over  its  plant  if  the  grant  is  not  renewed,  and  don't  provide  that 
the  Government  take  over  the  whole  system,  where  are  you  going  to 
leave  it?  On  the  other  hand,  if  the  Government  is  compelled  to  buy 
the  whole  thing,  that  is  a  pretty  big  contract,  and  frequently  the  price 
would  be  prohibitive,  or  at  any  rate  raise  serious  questions.  It  may  be 
well  to  put  the  safeguard  in  right  now,  but  it  is  a  serious  question  how 
far  we  have  to  go  before  we  get  through.  I  think  we  can  agree  on  some 
general  principles,  and  we  can  go  at  least  far  enough  so  that  we  can 
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protect  the  interests  that  it  appears  ought  to  be  protected  now,  and  make 
it  possible  to  protect  in  the  fntiure  the  interests  that  ought  to  be  pro- 
tected in  the  future. 

The  most  hopeful  thing  I  have  seen  recently  is  the  report  made  by 
Senator  Burton's  committee,  with  a  very  considerable  report  of  sixty- 
odd  pages,  which,  while  I  could  not  say  that  I  agree  with  it  entirely, 
nevertheless  goes  farther  than  any  other  similar  report  from  anything 
like  so  authoritative  a  source.  It  discusses  the  general  subject  in  an 
intelligent  way,  and,  whether  perfunctorily  or  not,  it  is  the  unanimous 
report  of  the  committee,  which  includes  some  who  might  not  be  there  if 
they  had  carefully  read  the  report. 

J.  H.  Finney:  I  want  to  start  out  by  saying  that  I  appreciate  very 
greatly  the  honor  of  addressing  the  Society.  I  didn't  quite  know  my 
qualifications  for  talking  about  power  on  the  National  Forests  because 
my  experience  has  not  been  in  that  particular  branch  of  power  develop- 
ment. I  think,  however,  it  is  a  part  of  the  whole  problem,  and  a  very 
important  part,  and  I  have  some  qualifications  to  discuss  some  of  the 
features  of  the  problem.  I  go  pretty  far  back  in  electrical  experience, 
I  learned  telegraphy  thirty-two  years  ago,  and  I  have  been  in  the  business 
eYer  aince.  I  helped  to  build  the  Richmond  Street  Bailway,  and  it  was 
about  the  same  time  in  1886  or  1887  when  the  current  generator  was  de- 
veloped, and  I  sold  it,  little  50  kilowatts  and  35  kilowatts,  for  a  good 
many  years.  It  was  considered  the  wildest  kind  of  a  dream  to  develop 
electrical  power.  They  even  made  provisions  when  they  built  the  first 
canal  to  Niagara  Falls  to  install  water-wheels,  so  that  if  the  electrical 
current  failed  they  could  locate  enterprises  there  and  supply  them  with 
water-power. 

Now,  I  think  I  can  say  I  know  something  about  water-power.  I  know 
something  of  the  early  struggles,  when  we  could  only  generate  a  couple 
of  thousand  volts,  to  the  next-sized  plant  that  used  the  enormous  pressure 
of  11,000  volts,  to  the  plants  today,  where  are  generated  140,000,  and  are 
distributing  200  to  250  miles  from  the  generating  plant.  It  has  been  a 
wonderful  development.  It  has  brought  about  a  very  serious  condition 
in  the  last  few  years.  It  used  to  be,  of  course,  that  water-power  was 
simply  a  local  interest.  A  man  who  owned  a  water-power  owned  it.  He 
built  a  mill  and  used  the  power  to  grind  grain  for  his  neighbors.  As 
soon  as  he  began  to  distribute  power  he  became  a  public  servant,  and  as 
he  distributed  it  over  wider  areas  he  grew  in  importance  as  a  public 
servant.  He  has  not  always  been  a  good  one.  When  he  began  going  into 
navigable  streams,  when  he  was  seeking  water  rights  in  National  Forests 
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and  on  the  public  domain,  it  was  only  then  he  became  a  National  prob- 
lem and  the  water-power  question  became  a  National  problem. 

I  have  been  very  much  concerned  in  forestry.  Four  or  five  or  six  years* 
ago  my  studies  as  an  electrical  engineer  led  me  into  the  advocacy  of  for- 
ests at  the  headwaters  of  streams.  Since  the  Appalachian  bill  has  been 
passed  (and  I  am  proud  to  say  I  had  some  work  to  do  on  it)  I  had  some 
part  in  this  conference  Secretary  Fisher  has  just  talked  about.  And  I 
agree  with  him  that  the  report  of  the  National  Waterways  Commission 
marks  a  very  distinct  advance  in  the  proper  thought  on  water-power  de- 
velopment. I  would  like  to  recall  a  remark  President  Eoosevelt  made 
about  five  years  ago.    He  said  at  the  Conference  of  Governors : 

"In  mutters  that  relate  only  to  the  people  within  a  State,  of  course  the 
State  is  to  be  sovereign,  and  it  should  have  the  power  to  act.  If  the  mat- 
ter is  such  that  the  State  itself  cannot  act,  then  I  wish,  on  behalf  of  the 
State,  that  the  National  Government  should  act.  Take  such  a  matter  as 
charging  rent  for  water-power.  My  position  has  been  simply  that  where 
a  privilege,  which  may  be  of  untold  value  in  the  future  to  the  private 
individuals  granted  it,  is  asked  from  the  Federal  Government,  that  the 
Federal  Government  disll  put  on  the  grant  a  condition  that  it  shall  not 
be  a  grant  in  perpetuity.  Make  the  term  long  enough  so  that  the  corpora- 
tion shall  have  an  ample  material  reward.  The  corporation  deserves  it. 
Give  an  ample  reward  to  the  captain  of  industry,  but  not  an  indetermi- 
nato  reward.  Put  in  a  provision  that  will  enable  our  children  at  the  end 
of  a  certain  specified  period  to  say  what  in  their  judgment  should  be  done 
with  that  great  natural  value  which  is  of  use  to  the  grantee  only  because 
the  people  as  a  whole  allow  him  to  use  it.  It  is  eminently  right  that  he 
should  be  allowed  to  make  ample  profit  from  his  development  of  it,  but 
make  him  pay  something  for  the  privilege,  and  make  the  grant  for  a  fixed 
period,  so  that  when  the  conditions  change,  as  in  all  probability  they  will 
change,  our  children — ^the  nation  of  the  future — shall  have  the  right  to 
determine  the  conditions  under  which  that  privilege  shall  then  be  en- 
joyed. Where  that  policy  can  be  best  carried  out  by  the  States,  carry  it 
out  by  the  States ;  where  it  can  be  best  carried  out  by  the  nation,  carry  it 
out  by  the  nation.  My  concern  is  not  with  the  academic  side  of  the  ques- 
tion. My  concern  is  in  the  employment  either  of  the  principle  of  State 
rights  or  the  principle  of  National  sovereignty  as  will  best  conserve  the 
needs  of  the  people  as  a  whole.'* 

I  believe  that  statement  showed  an  honest  intent,  and  that  it  is  a  plat- 
form upon  which  the  Government  and  the  seeker  after  water-power  rights 
can  both  stand.  Four  years  which  have  intervened  are  not  entirely 
wasted.  They  have  been  very  busy  years  on  bills  relating  to  water-power, 
yet  I  had  no  idea  until  Captain  Adams  said  how  many  had  been  put 
up  to  Congress  of  the  large  number  that  had  been  introduced.  There 
undoubtedly  exists  in  the  minds  of  the  Federal  Government,  the  State 
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goyerQinents^  and  the  seeker  after  water-rights  a  better  understanding  of 
tiie  problem,  an  understanding  that  will  enable  us  to  find  the  solution  in 
time.  I  am  not  going  to  talk  very  much  because  Senator  Newcomb  is 
going  to  say  something,  and  is  more  familiar  with  the  situation  than  I 
am^  but  he  is  going  to  cover  it  from  the  standpoint  of  the  public-service 
company — ^that  is,  o»'>mpanie8  supplying  light,  heat,  and  power  to  a  very 
diversified  group. 

I  should  like  to  present  what  to  my  mind  is  a  larger  and  more  im- 
portant point,  the  position  of  the  developer  who  will  himself  be  the  user 
of  power — as,  for  example,  the  man  who  makes  carborundum,  electrical 
steel,  and  other  of  these  electro-chemical  or  electro-metallurgical  proc- 
esses— ^because  I  believe  there  will  come  from  this  type  of  user  much  the 
largest  development,  both  in  point  of  horsepower  used  and  in  value  to  be 
obtained  from  that  use.  The  steam  railroad,  for  instance,  is  just  about 
beginning  to  consider  the  use  of  electricity.  As  the  Secretary  said,  a 
main-line  trunk  system  is  considering  the  use  of  electricity  for  the  opera- 
tion of  all  main-line  trains  in  the  Sierras.  It  is  going  to  do  it,  and  it  is 
only  justified  in  doing  it  by  getting  cheaper  and  permanent  power.  There 
are  30  million  horsepower  dormant  in  the  streams  of  the  United  States. 
I  don't  believe  that  10  millions  of  that  will  be  used  for  strictly  public 
service  in  the  next  hundred  years.  I  believe  the  other  20  million  is  going 
to  be  used  to  develop  electro-chemical  industry. 

When  we  consider  that  400  or  600  miles  is  the  limit  of  transmitting 
current,  and  will  continue  to  be  the  limit,  because  at  the  limit  of  200,000 
volts  which  would  have  to  be  employed  we  would  reach  the  diametric 
strength  of  air,  if  we  did  not  earlier  reach  the  limit  of  capital.  You 
couldn't  keep  the  current  on  the  wires  at  a  higher  voltage.  Of  course, 
that  is  higher  than  is  now  being  operated.  Now,  400  miles  doesn't  carry 
so  very  far  from  a  great  many  of  these  powers,  and  yet  every  one  of  those 
powers  could  be  used  as  the  source  of  power  for  manufacturing,  and  the 
remoteness  of  it  from  the  market  and  possible  raw  material  really  would 
not  cut  much  figure  as  against  the  cheapness  and  permanency. 

Niagara  Palls  was  developed  in  1893,  yet  it  has  not  sold  up  to  its  ca- 
pacity yet.  It  has  not  sold  it  in  Buffalo  or  in  Syracuse  or  a  lot  of  inter- 
vening towns  which  it  supplies.  The  largest  use  of  Niagara  Palls  power 
is  the  local  users  at  Niagara  Falls.  Take  the  Keokuk  power  in  the  Mis- 
sissippi. They  are  going  to  develop  200,000  horsepower  there.  Outside 
of  the  relatively  small  amount  transmitted  to  St.  Louis,  the  bulk  of  it 
must  be  sold  to  electro-chemical  users  who  come  to  Keokuk  because  cheap 
power  is  there.  I  don't  intend  to  belittle  the  transmitting  of  power,  but 
the  most  important  use  of  transmitted  power  is  the  conservation  of  the 
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coal  supply.  That  is  the  one  most  in  view,  tlie  substitution  of  electrical 
power  for  steam-generated  power.  Surprising  as  it  may  seem,  even  in 
the  territories  served  by  big  electrical  power  companies,  the  consumption 
of  coal  has  not  decreased.  We  supposed  also  that  the  use  of  electrical 
power  for  lighting  in  towns  would  drive  the  gas  companies  out  of  busi- 
ness.   Yet  the  use  of  gas  increases  as  the  use  of  electrical  power  increases. 

I  would  just  like  to  call  Secretary  Fisher's  attention  to  one  thing,  and 
that  is  that  the  cost  of  steam-generated  power  is  steadily  decreasing,  and 
has  a  tendency  to  decrease  for  many  years  to  come,  due  to  improvements 
in  methods  of  generating,  and  is  not  increasing  with  the  gradual  rise  in 
the  price  of  coal.  As  a  matter  of  fact,  the  cost  of  steam-generated  power 
has  decreased  2^  per  cent,  while  the  cost  of  coal  has  only  increaaed  1  per 
cent  per  annum.  There  can  be  no  sudden  substitution  of  electricity  for 
steam.  If  we  would  instantly  develop  the  30  million  horsepower  we 
couldn't  do  anything  with  it.  We  couldn't  sell  a  million  horsepower  of 
it.  In  other  words,  we  couldn't  force  a  market.  It  would  take  a  very 
long  stretch  of  years  for  the  market  to  absorb  all  of  it.  I  suppose  it 
would  not  only  cost  six  or  seven  billion  dollars,  but  it  would  take  a  bun- 
dled years.  It  has  taken  twenty-five  years  to  develop  four  million  horse- 
power. The  problem  will  be  with  us  for  a  long  time  before  it  is  finally 
aU  developed,  so  that  I  do  believe  we  shall  get  the  most  beneficial  use  of 
water-power  from  the  man  who  uses  it  himself  in  an  electro-chemical 
operation. 

I  said  in  St.  Louis  recently  that  the  electrification  of  steam  railroads 
from  water-power  that  might  be  developed  on  navigable  streams  would 
m«an  infinitely  more  to  the  nation  in  transportation  facilities  than  if  the 
money  were  spent  on  the  streams  for  improving  navigation.  Of  course, 
I  referred  to  streams  that  are  really  power  streams.  I  didn't  mean  the 
Mississippi,  the  Missouri,  the  lower  Ohio,  but  streams  like  the  upper 
Potomac,  the  Cumberland,  the  upper  reaches  of  the  Ohio.  The  money 
spent  on  dams  for  water-power  development  on  such  streams  would  be 
worth  infinitely  more  for  the  electrification  of  steam  roads  than  for  navi- 
gation. 

The  situation  reminds  me  of  the  fact  that  it  is  well  to  catch  the  rabbit, 
if  you  intend  to  have  rabbit  for  dinner,  before  you  have  the  dinner.  Now, 
in  this  talk  of  regulation,  wouldn't  it  be  well  for  us  to  get  together  on 
some  plan  to  get  the  water-power  development  started  first  and  then  regu- 
late it  afterward  ?  We  ought  to  have  water-power  development  before  we 
apply  regulations.  I  have  been  trying  to  get  before  Congress  and  before 
the  nation  the  underlying  principle,  and  I  have  been  working  for  a  water- 
power  policy  which  should  be  uniform,  fair,  and  enlightened,  which  would 
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saf^^uard  any  rights  that  the  people  have — and  I  admit  they  have  them — 
and  at  the  same  time  should  safeguard  the  vested  rights. 

I  don't  balk  very  much  on  vested  rights.  I  believe  if  a  man  puts  up 
millions  of  dollars  in  an  enterprise  that  it  is  his^  most  of  it.  He  is  sub- 
ject to  State  regulation^  and  he  is  wise  to  get  under  State  regulation ;  but 
when  he  is  regulated  onoe  that  ought  to  stop  it^  and  he  ought  to  have 
some  rights  in  the  matter.  One  is  the  permanency  of  investment  and  re- 
paymeiit  of  the  money  tint  he  puts  in  an  enterprise  if  the  grant  is  termi- 
n«ted.  There  is  not  a  man  in  this  room  that  would  put  money  into  a 
pknt  whose  grant  could  be  revoked  tomorrow  by  Mr.  Oraves  or  Mr. 
Fisher.  There  isn't  a  man  who  would  invest  in  a  project  that  is  not 
panmuient.  I  believe  the  Federal  Government  shovld  Mrae  a  franchise 
that  while  recognizing  that  the  agency  of  operation  would  change,  the 
stamcture  itself,  whether  it  be  a  dam  on  the  public  domain,  a  dam  in  the 
National  Forest,  or  elsewhere,  it  is  serving  a  useful  purpose,  and  tiie  dam 
that  is  generating  electricity  is  going  to  serve  a  useful  purpose  long  after 
all  of  us  have  disappeared.  Now,  if  it  is  a  navigable  stream,  and  the 
GUi¥emment  grants  a  right  to  occupy  the  stream,  and  the  Government 
says,  Pay  us  a  reasonable  amount,  I  think  that  is  all  right,  but  let  us  make 
it  a  reasonable  amount.  If  the  Government  is  going  to  make  us  build  a 
twiwuilUon-dollar  dam  and  maintain  it  that  is  pretty  fair  compen8ati<m. 
Ton  know  in  this  matter  the  shoe  is  not  all  on  one  foot.  It  is  quite  a 
large  lump  of  money  to  put  into  the  project.  The  Government  owns  the 
lock,  and  it  seems  to  me  that  if  the  Government  lets  us  do  the  work  and 
provide  navigating  facilities  that  did  not  eidst  before,  that  is  pretty  fair 
compensation.  If  that  dam  is  necessary,  if  it  is  serving  a  useful  purpose, 
if  it  is  improving  navigation,  why  should  it  ever  come  out  ?  It  mi^t  be 
modified  to  suit  changes  in  navigation,  bat  I  can  see  no  move  reasoii  to 
tear  out  that  dam  at  the  end  of  fifty  years  than  I  could  for  tearing  up 
the  lines  of  the  Pennsylvania  Baikoad  between  Pittsburgh  and  New 
York.  Somebody  has  got  to  operate  the  Pennsylvania  Railroad  between 
Pittsburgh  and  New  York  all  tiiie  time.  Take  it  in  the  National  Forests. 
I  think  if  a  water-power  company  wants  rights  and  it  occupies  land  be- 
longing to  the  public  it  should  pay  a  rental  on  it.  If  the  Government 
permits  the  use  of  its  lands  for  transmission  lines  or  for  the  building  of 
dams  or  storage  reservoirs  it  rightly  should  ask  the  company  to  pay 
rental.  We  pay  $10  a  horsepower  on  some  of  our  Eastern  projects  to 
private  land-owners,  and  there  is  no  reason  why  the  Government  should 
not  make  a  charge  for  it.  But  when  you  have  done  that,  it  seems  to  me, 
you  have  done  all  that  is  just.  Give  the  other  man  a  chance  at  the  bal- 
ance.   I  don^t  know  just  how  many  of  you  believe  that  water-power  is  a 
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gold  mine.  Water-power  not  only  requires  a  very  large  amount  of  money 
in  its  development,  but  requires  a  very  large  amount  of  nerve.  I  have 
taken  more  than  one  elegant  water-power  scheme  to  financial  friends  only 
to  have  a  hole  kicked  into  it,  and  I  was  wrong.  The  graveyard  is  full  of 
water-power  plants  that  are  not  making  money.  I  have  in  my  territory 
here  in  the  South  an  enterprise  that  has  cost  four  millions  of  dollars,  and  i 

it  will  take  two  million  dollars  more  to  complete  it,  and  when  it  is  com- 
pleted it  will  be  worth  less  than  two  million  dollars.  There  are  four  mil- 
lion doUars  in  the  hole  already.  You  find  these  financial  gentlemen  who 
expect  large  returns  are  very  critical  of  the  business  aspects  of  any  of 
these  projects,  and  the  more  restrictions  you  put  on  it  and  the  more  diffi- 
cult it  is  to  insure  repayment,  the  more  critical  you  are  the  less  chance 
there  is  for  development.  We  all  realize  that  the  present  laws  are  abso- 
lutely inadequate.  Th^re  should  be  a  recognition  that  hydro-electrical 
power  is  a  public  necessity,  and  of  very  great  financial  benefit  to  the 
nation  when  it  is  made.  It  is  wasted  until  it  is  made.  Tou  may  have  the 
finest  water-power  in  the  world,  and  as  long  as  it  washes  over  those  rocks 
at  Great  Falls  it  doesn't  do  anybody  any  good.  The  States  in  which  these 
powers  lie  are  entitled  to  the  benefits  therefrom,  and  the  powers  should 
be  developed  with  Federal  limitations  if  the  State  safeguards  its  fran- 
chises. If  the  State  wants  it  made,  why  in  the  world  should  the  Federal 
Government  say  it  can't  be  done  except  under  conditions  that  make  it 
impossible  to  be  done?  It  doesn't  seem  to  me  that  it  is  a  question  which 
should  involve  any  mixed  question  of  States  and  Federal  control. 

Unless  we  make  the  conditions  attractive  these  electro-chemical  men 
are  going  to  Switzerland  and  Norway,  where  they  can  get  cheaper  power. 
It  takes  a  large  amount  of  capital  to  develop  these  projects,  and^  as 
former  President  Boosevelt  says,  capital  is  entitled  to  fair  returns.  I 
don't  know  any  other  group  of  men  who  take  bigger  chancer  than  those 
investing  in  water-power.  Capital  must  have  attractive  inducements  if 
it  is  to  invest  in  any  enterprise  so  full  of  risk  as  is  water-power.  I  be- 
lieve when  this  viewpoint  is  reached  by  State  legislators  and  Congress  we 
shall  see  that  a  number  of  things  we  considered  important  are  really 
underbrush,  and  when  these  matters  are  properly  understood  there  can  be 
brought  about  a  broad  Federal  water-power  policy  acceptable  to  the 
water-power  men. 

I  just  want  to  read  a  paragraph  or  two  from  a  letter  from  Edward  D. 
Adams,  presented  at  the  hearings  of  the  Waterways  Commission : 

^The  danger  of  the  situation  lies  in  the  effort  already  manifested  in 
certain  governmental  suggestions  to  drive  a  bargain  with  capital,  as 
though  it  was  compelled  to  seek  investment  under  the  national  leases 
proposed. 


WATER  POWER  ON  THE  NATIONAL  FORESTS  43 

"The  Grovemment  starts  out  to  conserve  and  develop  its  natural  re- 
sources through  its  paternity,  but  without  contributing  its  credit  or 
capital  for  the  use  of  its  people. 

"It  should  not  therefore  place  itself  in  position  in  effect  to  just  not 
accomplish  its  desire,  but  should  be  too  liberal  rather  than  too  strict  in  its 
inducement  for  other  people's  money  to  be  invested  for  the  ultimate 
benefit  of  the  Government/' 

I  don't  believe  there  is  any  common  sense  in  our  present  treatment  of 
this  matter.  It  seems  to  me  that  Government  officials^  legislators,  and 
water-power  seekers  can  all  meet  without  very  much  difference  of  opinion 
on  common  ground.  I  am  optimistic  in  spite  of  five  years  of  dancing  on 
Congress.  I  am  really  optimistic.  I  think  that  while  we  don't  succeed 
very  well  in  educating  Congress,  and  Congress  changes  so  frequently 
that  it  is  a  difScult  matter  to  do  it,  that  when  we  get  the  people  most 
concerned  interested  we  will  see  pretty  promptly  some  reflection  of  it  in 
Congress. 

Phiup  p.  Wells:  As  a  matter  of  public  policy,  all  water-powers 
look  alike  to  the  man  who  is  considering  the  power  of  the  Federal  Got- 
enunent.  There  is  a  distinction  between  those  on  land  owned  by  the 
United  States  and  others.  There  is  one  other  reason  for  asserting  Fed- 
eral authority,  and  that  is  that  the  water-power  may  be  developed  in  a 
navigable  stream. 

The  subject  tonight  concerns  only  the  publicly  owned  land,  and  it  has 
been  bo  thoroughly  covered  by  Captain  Adams  that  I  shall  confijie  what 
I  have  to  say  to  a  little  reminiscence  about  the  way  the  thing  has  grown 
in  my  memory.  I  entered  the  Forest  Service  in  February,  1906,  and 
began  to  get  in  touch  with  the  water-power  question  in  the  summer  of 
that  year. 

There  was  a  general  statute,  the  act  of  1901,  which  covered  water- 
power  development  on  the  public  lands  outside  of  the  Forest  and  inside 
the  Forest,  and  that  statute,  as  you  all  know,  was  very  unsatisfactory, 
and  yet  it  still  is  the  statute  that  governs  these  matters.  It  was  unsatis- 
factory, primarily  because  it  gave  to  capitalists  who  went  into  Govern- 
ment water-power  a  mere  permit,  which  was  revokable  at  the  discretion 
of  the  Secretary  granting  it. 

Now,  when  the  Forests  were  transferred  from  the  Interior  Department 
to  the  Department  of  Agriculture  by  the  act  of  February  1,  1906,  this 
matter  of  water-power  control  in  National  Forests  was  transferred  along 
with  the  rest,  and  the  matter  was  taken  up  for  consideration  in  the 
Forest  Service  before  I  entered  it. 
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The  act  of  May  1^  1906^  as  I  recall  it^  made  a  special  grant  to  the 
Edison  Electric  Co.,  a  corporation  created  in  Wyoming,  but  operating 
in  the  southern  Sierras,  and  furnishing  power  to  Los  Angeles.  This  case 
had  been  carefully  considered  between  Mr.  Pinchot,  representing  the  For- 
est Service,  and  the  representatives  of  the  company,  and  an  attonpt  had 
been  made  to  work  out  a  statute  that  could  be  worked  out  as  a  model  for  a 
general  law.  That  statute  provided  for  a  grant,  the  form  of  which  was 
to  be  fixed  by  the  Secretary  of  the  Interior,  and  the  only  rental  or  com- 
pensation which  the  company  was  to  pay  was  to  be  fixed  year  by  year  by 
the  Secretary  of  Agriculture.  My  first  notice  of  the  water-power  prob- 
lem was  in  being  informed  as  to  the  negotiations  in  this  matter.  That 
was  worked  out  in  the  summer  of  1906.  I  had  no  part  in  it,  but  heard 
of  it. 

There  was  a  difference  of  opinion  between  the  two  departments.  The 
Department  of  Agriculture  favored  a  99-year  term,  but  the  Department 
of  the  Interior,  I  think,  objected  to  so  long  a  term,  but  finally,  I  think, 
the  matter  was  referred  to  the  President,  and  a  40-year  term  was  fixed 
as  a  result  of  that  conference. 

As  to  the  rental  fixed  under  that  act,  the  Forest  Service  waited  until 
it  had  worked  out  a  basis  for  rental  under  the  law  of  1901,  and  then 
each  year  fixed  the  rental  under  each  particular  grant.  The  wirter- 
power  rental  was  considered  by  Mr.  Woodruff  before  he  went  over  to 
the  Department  of  the  Interior,  and  after  that  it  was  handled  in  my 
office.  It  was  fully  recognized  from  the  first  that  the  act  of  1901  was 
unsatisfactory,  because  it  gave  no  fixed  tenure,  and  the  Forest  Service 
did  its  best  to  get  a  fixed  tenure  for  the  companies.  In  the  meanwhile 
work  was  done  on  the  question  of  what  compensation  should  be  paid  and 
what  the  basis  of  it  should  be.  There  was  a  good  deal  of  confusion 
about  it  at  first.  The  lawyers  for  the  companies,  and  prominent  among 
them  the  Califomia  lawyers,  who  were  very  active,  asserted  in  very  bold 
and  bald  terms  that  the  State  owned  the  water.  We  didn't  have  time 
to  look  it  up  very  carefully,  and  in  Califomia  it  seems  to  me  perfectly 
clear  that  the  State  courts  have  denied  that  right  fully. 

However,  Mr.  Woodruff  cast  about  for  some  basis  for  rental  charge, 
and  the  argument  was  used  that  the  Forest  Service,  by  maintaining  tiie 
forest  cover  on  the  headwaters  of  streams,  gave  a  very  substantial  and 
valuable  thing  to  the  power  companies  in  equalizing  stream-fiow  and 
maintaining  better  conditions  to  develop  power  in  that  way.  The  charge 
was  theoretically  based,,  therefore,  on  the  conservation  of  water,  and  a 
name  was  given  to  it — the  Conservation  Charge.  The  early  forms  in  the 
Forest  Service,  while  these  things  were  being  worked  out,  were  given  to 
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the  companies  on  condition  that  they  should  pay  such  conservation 
charge  as  the  Forester  might  thereafter  fix. 

There  was  strenuous  objection  on  the  part  of  the  companies'  lawyers 
to  this  whole  matter,  and  as  a  result  of  their  requests  the  legality  of  this 
charge  was  to  be  submitted  to  the  Attorney-General,  and  the  prepara- 
tion of  the  statement  was  well  on  toward  completion  when  Mr.  Woodruff 
went  to  the  Interior  Department.  Then  the  matter  came  into  my  hands. 
Before  he  went  over  I  consulted  with  him  about  the  matter,  and  sug- 
gested that  we  put  the  charge  on  the  basis  of  land  ownership  and  rental 
rather  than  on  the  conservation  of  stream-flow,  and  in  the  statement  to 
the  Attorney-General,  which  was  pretty  well  prepared  by  that  time,  the 
wording  was  rearranged  so  that  the  matter  was  stated  in  the  alterna- 
tive, first  taking  up  the  legality  of  charging  for  conservation  and  then 
stating  the  question  of  charge  for  the  value  of  the  land.  The  Attorney- 
General's  answer  sustained  the  power  of  the  Secretary  of  Agriculture 
to  make  the  charge.  The  companies  were  not  satisfied  with  that  result 
and  took  the  matter  to  Congress.  The  so-called  Crane-Mondell  Bill  in 
the  first  session,  60th  Congress,  was  prepared  by  the  water-power  people, 
and  introduced  by  Senator  Crane  in  the  Senate  and  by  Mr.  Mondell  in 
the  House,  and  the  water-power  people,  a  few  days  before  its  introduc- 
tion, communicated  with  the  President,  sent  him  a  copy,  and  asked  for 
his  criticism.  It  was  transmitted  to  the  Forest  Service.  The  bill  was 
criticised  by  us,  and  a  memorandum  prepared  in  which  the  ground  was 
Tery  strongly  taken  that  the  act  of  1901  was  unsatisfactory  because  it 
did  not  specify  a  fixed  tenure,  but  that  the  Crane-Mondell  Bill  was  ob- 
jectionable because  it  gave  tenure  in  perpetuity  for  a  nominal  compen- 
sation of  $1.50  an  acre.  Less  regulation  was  provided  for  in  that  bill 
than  any  water  act  with  which  I  am  familiar.  The  result  of  that  was 
that  the  power  people  proposed  a  conference,  and  there  was  a  conference 
held  during  that  session.  In  the  meantime  we  drafted  in  the  Forest 
Service  a  clause  providing  for  50-year  permits,  and  it  was  incorporated 
in  the  Agricultural  Appropriation  Bill  in  Congress  in  the  winter  of 
1907  and  1908.  Meanwhile  this  conference  to  which  I  referred  was 
held  in  Secretary  Garfield's  office,  and  went  on  for  ten  days.  There 
were  representatives  from  the  water-power  people,  bankers,  lawyers  from 
Boston,  New  York,  California,  and  elsewhere  in  the  West,  and  lawyers 
here  in  Washington,  and  they  put  forward  the  Crane-Mondell  Bill  as 
their  program  and  we  put  forward  the  50-year  tenure  as  our  program. 
TTie  result  of  it  was  that  we  couldnH  get  together.  Senator  Flint  was 
in  those  conferences,  and  did  his  best  to  get  us  together,  and  we  couldn't 
get  together  at  all.    Thereupon  the  Crane-Mondell  Bill  made  no  prog- 
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res8,  becauBe  it  was  thoroughly  understood,  as  Senator  Flint  told  the 
water-power  people,  that  it  would  be  vetoed  eren  if  it  did  make  progress. 

Our  SO-year  tenure  scheme  came  up  in  the  House,  and^  being  new 
legislation,  it  was  subject  to  a  point  of  order,  and  the  point  of  order  was 
made  by  Mr.  Mondell.  So  I  think  if  there  is  anything  the  matter  with 
revokable  permits  it  is  not  on  Congress,  but  on  the  companies. 

As  I  say,  no  progress  was  made  on  either  of  these  measures,  and  the 
matter  drifted  along  until  the  close  of  the  Boosevelt  administration.  In 
the  meantime  the  Forest  Service  was  going  ahead^  changing  the  forms,, 
threshing  out  every  case  that  came  up  in  a  practical  way,  and  the  per- 
mit gradually  became  lesq  objectionable  to  the  companies.  New  pro- 
visions were  put  in  that  seemed  wise  to  the  company,  and  finally  we  got 
into  a  pretty  fixed  form  in  the  spring  of  1909.  Up  to  that  time  we  had 
had  no  technical  engineering  assistance  except  such  as  came  fortui- 
tously and  information  picked  up  from  the  companies. 

One  of  the  questions  which  was  given  a  good  deal  of  consideration  was 
whether  some  deduction  should  be  made  from  the  regular  charge  if  the 
companies  stored  water,  and  a  sort  of  promise  had  been  made  that  some 
such  deduction  would  be  worked  out,  and  finally  it  was  worked  out  prac- 
tically in  the  case  of  the  Stanislaus  Power  Co.,  in  California,  and  made 
general  in  the  spring  of  1909.  The  deduction  was  based  on  the  trans- 
mission distance. 

The  Stanislaus  permit  was  very  important  in  another  respect.  We 
had  required  that  the  company  should  pay  such  conservation  charge  as 
might  be  fixed  by  the  Secretary.  As  I  recall  it,  the  company  had  made 
some  development  under  an  earlier  permit.  At  any  rate,  they  were  in 
the  position  of  having  made  investments  without  knowing  what  they 
were  to  be  charged.  They  had  gone  ahead  and  made  developments,  and 
then  were  afterwards  asked  to  pay  a  charge.  After  threshing  the  thing 
over  at  great  length,  the  matter  was  settled  in  this  way:  With  respect 
to  their  new  development,  they  should  pay  the  regular  charge,  but  with 
respect  to  the  old  development,  they  should  be  practically  free  from 
charge  for  25  years.  Our  arrangements  all  contemplated  a  60-year 
permit.  That  is  to  say,  we  talked  as  if  there  were  going  to  be  a  50-year 
term,  although  the  Secretary  had  the  right  to  revoke  at  any  time.  There 
was  a  charge  of  two  cents  a  thousand  kilowatt  hours,  which  was  purely 
nominal.    That  was  in  January,  1909. 

Then  the  question  arose  as  to  what  was  to  be  done  about  a  lot  of  per- 
mits which  had  been  issued  by  the  Interior  Department  without  condi- 
tions before  the  power  sites  were  included  in  the  National  Forests.    The 
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rule  we  had  worked  out  in  the  Stanislaus  case — that  is  to  say,  make  only 
the  nominal  charge  for  twenty-five  years — ^was  applied. 

Those  that  had  made  no  development  were  simply  revoked;  but  where 
they  had  made  actual  development  under  the  old  terms,  the  terms  in  the 
Stanislaus  case  were  applied.  It  took  two  months  to  work  it  out  in  the 
pursuance  of  this  policy.  The  permits  were  all  revoked,  but  the  order 
of  revocation  stated  that  their  occupancy  should  be  continued  until  the 
new  permits  were  given  to  them  under  the  scheme  I  have  just  suggested. 
Those  revocations  caused  a  great  deal  of  criticism,  but  they  were  not 
hastily  made,  and  was  an  application  of  what  had  been  done  in  the  case 
of  the  Stanislaus  company,  and  the  Government  ofQcers  thought  it  was 
an  equitable  adjustment,  and  since  then  it  has  been  criticised  as  being 
too  easy  on  the  companies. 

That  pretty  nearly  covers  what  I  have  to  say.  There  has  been  a  crop 
of  bills  in  every  session  of  Congress  since  the  Forest  Service  took  over 
the  matter.  Captain  Adams  has  recited  most  of  them.  One  type  of 
bill  that  he  didn't  particularly  mention  was  that  which  subjects  the  lands 
of  the  United  States  to  regulation  from  the  State  courts.  Such  a  bill 
was  introduced  by  Senator  Keller  in  the  60th  Congress. 

In  the  Forest  Service  permit  there  was  no  attempt  to  regulate  the 
price  that  the  companies  were  to  charge  to  the  consumers  or  the  service 
to  be  rendered  to  the  consumers.  In  the  first  place,  we  couldn't  cross 
that  bridge  until  we  came  to  ii  In  the  second  place,  it  was  supposed 
that  the  States  would  look  out  for  that.  The  matter  was  discussed  two 
or  three  times  between  Mr.  Pinchot  and  myself  about  inserting  in  the 
permit  a  provision  that  the  permittee  should  promise  to  obey  State  regu- 
lation as  to  prices  and  service,  and  I  may  say  it  was  the  intention  to  put 
that  in  the  permit.  There  were,  however,  clauses  intended  to  force 
prompt  and  orderly  development.  We  went  on  the  theory  that  if  we  did 
that  we  could  cut  one  of  the  roots  of  speculative  monopoly,  and  could 
fairly  expect  that  the  States  might  help  out  by  regulating  prices  and 
service. 

JosiAH  T.  Newcomb:  I  speak  from  the  standpoint  of  public  serv- 
ice companies  that  are  interested  in  the  development  of  water-powers 
primarily  for  use  in  public  service.  I  think  I  can  add  something  to  the 
discussion  in  this  matter  by  giving  you  some  account  of  the  present  atti- 
tude of  the  water-power  companies.  The  company  that  I  represent  pro- 
fessionally has  under  construction  or  in  actual  operation  now  some 
285,000  horsepower  of  hydro-electric  development.  Its  attitude  prob- 
4f 
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ably  has  some  bearing  upon  the  attitude  of  the  water-power  companies  in 
general.  I  don't  believe  very  much  in  reminiscences.  I  was  brought  into 
this  thing  two  years  ago,  and  the  very  entertaining  account  Mr.  Wells 
has  just  giyen  is  the  first  I  ever  knew  of  the  preliminary  difficulties  that 
were  involved  in  this  subject.  When  I  took  hold  of  it  two  years  ago  I 
was  furnished  with  briefs  that  the  conservation  charge  was  a  tax,  and 
furnished  with  briefs  on  the  question  of  ownership  of  water,  and  was  told 
there  was  a  conference  which  took  place,  as  Secretary  Fisher  said  in  my 
hearing  in  New  York,  when  one  of  the  representatives  of  a  large  power 
company,  who  was  in  a  very  critical  mood,  said :  'T^ell,  what  of  it  ?  That 
is  past  and  gone.^'  The  point  of  order  on  the  fifty-year  permit,  that  is 
past  and  gone.  I  donH  suppose  anybody  understood  the  subject  so  well 
then  as  they  do  now. 

I  represent  285,000  horsepower  now.  In  this  work  I  have  been  brought 
into  contact  with  the  owners  of  probably  one  million  horsepower.  That 
is  one-fifth  of  the  developed  horsepower  in  the  United  States.  Persons 
properly  accredited  and  representing  that  amount  of  developed  power 
have  all  joined  in  submitting  a  proposed  draft  of  a  bill,  submitted  to  the 
National  Waterways  Commission,  which  <x>ntains  almost  every  one  of  the 
provisions  contended  for  by  the  Gk>vemment.  The  question  of  Federal 
control  is  no  longer  a  question  with  the  larger  power  companies.  We 
realize  it  is  a  difficult  problem  for  the  Government  to  work  out.  If  it  is 
worked  out  in  the  form  of  State  control,  of  course  there  has  got  to  be 
cooperation,  because  wherever  the  ownership  of  water  is,  the  State  has 
court  control  over  the  use  of  water.  There  has  got  to  be  cooperation  be- 
tween the  State. and  Federal  governments.  That  is  a  problem  for  the 
Government  to  solve.  We  would  rather  be  controlled  by  the  Federal 
Government. 

In  conference  in  New  York  recently,  when  there  was  represented  750 
million  dollars,  representing  investments  in  public-service  companies, 
electric  lighting,  etc.,  when  this  matter  was  up,  one  of  the  largest  repre- 
sentatives there  was  speaking  to  me.  I  said,  "There  is  no  difficulty  on 
that  subject  unless  you  want  to  contend  for  complete  State  control.*'  He 
said  he  found  himself  in  a  complete  minority  on  that  and  threw  up  his 
hands ;  that  is  the  last  I  have  heard  about  objection  to  a  Federal  policy 
of  control.  Ultimately  it  has  got  to  come  to  a  question  of  Federal  con- 
trol, because  it  will  soon  be  a  question  of  interstate  business  almost 
entirely. 

Jjet  us  take  up  this  question  of  compensation  to  the  Government.  That 
don't  present  any  question  of  serious  difficulty.  The  Government  wants 
the  principle  of  charging  compensation  for  the  use  of  the  land  estab- 
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lished.  You  own  the  land;  you  are  certainly  entitled  to  compensation 
for  the  use  of  it.  What  compensation  do  you  want  to  charge?  Admit- 
ting you  want  the  principle,  do  you  want  to  put  on  the  principle  of  high 
compensation?  If  you  put  on  an  extremely  high  rate  of  compensation 
the  companies  cannot  operate.  The  difference  between  generating  power 
by  steam  and  by  water-power  is  not  so  great  in  cost.  Assuming  that  you 
don't  want  to  charge  compensation  that  would  result  in  no  development, 
for  in  that  case  the  cost  of  developing  power  by  steam  would  be  less  than 
by  water-power ;  and  don't  forget  that  the  companies  would  prefer  steam 
if  the  cost  were  the  same,  because  we  are  in  this  business  as  investors. 
While  we  realize  the  argument  that  is  made  about  the  conservation  of 
fuel,  when  it  comes  down  to  dollars  and  cents  the  investor  is  going  to 
choose  the  best  investment.  In  other  words,  the  power  that  will  make 
the  best  investment.  Steam  power  is  constant.  Moreover,  it  does  not 
depend  on  long  transmission.  It  is  far  more  dependable  than  electricity. 
You  don't  want  to  put  the  charge  so  high  that  it  would  throw  us  on  a 
par  with  steam  development,  and  then  your  fuel  would  not  be  conserved. 
Suppose  the  charge  is  below  that.  We  are  in  a  public-service  business, 
furnishing  light  and  power  to  the  public.  I  am  only  stating  now  what 
is  fully  recognized  by  public  ofBcials.  If  you  put  your  conservation 
charge  at  a  high  rate,  and  that  high  rate  is  transferred,  as  it  certainly 
will  be,  to  the  consumer — assuming,  of  course,  that  you  do  not  throw  it 
up  to  the  steam  competition  level — ^then  you  are  simply  putting  so  mucU 
more  burden  on  the  consumer.  You  don't  want  that.  The  Government, 
first,  wants  control,  and,  second,  to  reimburse  itself  for  its  outlay.  It  is 
in  a  certain  sense  immaterial  to  the  public-service  corporation  what  you 
do  about  that  if  you  don't  throw  us  into  competition  with  steam. 

It  isn't  necessary  to  discuss  another  phase  of  the  subject.  That  phase 
is  the  electro-chemical  industry,  which  can  exist  only  if  there  is  very 
cheap  power.  The  difference  of  $1  per  horsepower  makes  the  difference 
between  the  absolute  disappearance  of  a  great  industry  in  this  country  or 
its  prosperity.  In  a  conference  on  this  subject  a  man  was  negotiating  to 
take  the  surplus  power  from  a  plant  for  electro-chemical  use,  and  they 
told  him  there  would  be  a  compensation  of  $1  per  horsepower  to  the 
Government,  and  that  he  would  have  to  pay  it,  and  he  began  to  figure 
that  $1  charge  as  the  whole  basis  of  that  industry.  The  Government 
must  take  that  into  consideration.  It  isn't  so  great  a  problem  with  the 
companies  as  with  the  Government  iiself. 

Now,  another  matter — ^the  compensation  to  the  investor  at  the  end  of 
the  period.  If  he  is  to  make  his  investment  for  a  number  of  years,  and 
at  the  end  of  that  time  the  plant  is  to  be  taken  by  the  Government  or  be 
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transferred  to  some  subsequent  licensee,  I  think  there  should  be  some 
fair  compensation  to  the  investor  at  the  end  of  the  period,  and  that  is 
fairly  established.  But,  as  Secretary  Fisher  said,  there  is  great  diflBculty 
in  determining  just  what  property  would  be  taken  over  by  the  Govern- 
ment or  by  the  subsequent  grantee.  Now,  I  want  to  make  a  practical 
suggestion. 

These  transmission  lines  are  not  built  for  fun.  They  are  to  get  power 
from  the  place  of  development  to  the  market.  Let  us  assume  we  have 
got  a  development  200  miles  from  a  city.  Is  it  conceivable  that  the  Gov- 
ernment would  want  to  leave  that  city  in  darkness  at  any  time?  It  is 
not  at  all  conceivable.  That  transmission  line  is  there  just  as  firmly  as 
the  agencies  of  nature,  furnishing  light  to  the  city  from  that  distance. 
I  don^t  know  what  can  be  imagined  as  happening  in  the  future  to  inter- 
fere with  that.  Suppose,  for  argument,  something  did  happen.  What 
would  you  naturally  take  over?  You  would  naturally  take  over  the  oper- 
ation of  that  development,  only  excepting  what  was  not  necessary  to  light 
the  city.  You  would  take  over  the  operation  of  the  development  down  to 
the  place  where  other  power  could  be  substituted  for  furnishing  that 
market  with  the  power  that  is  required. 

Now,  in  all  human  probability,  whether  this  grantee  continued  or  some 
other  grantee  came  in,  to  furnish  that  power  you  would  have  to  use  the 
whole  plant  and  transmission  lines. 

I  appreciate  that  each  of  these  questions  will  have  to  be  decided  by 
themselves.  What  does  that  lead  to?  As  far  as  the  companies  are  con- 
cerned, we  will  play  any  game  you  want  us  to  play,  but  please  tell  us 
what  the  game  is.  In  other  words,  let  us  through  legislation — and  this  is 
what  I  have  been  trying  to  say — let  us  empower  the  Executive  branch  of 
the  Federal  Government,  and  let  us  stop  there;  empower  the  Executive 
branch  to  have  full  jurisdiction  in  handling  the  whole  question.  I  don^t 
think  for  a  minute  we  can  settle  each  case  by  legislation.  Empower  the 
Secretary  of  Interior  and  of  Agriculture  to  handle  each  question  with  the 
companies. 

I  have  assisted  in  drawing  (after  a  pause) — ^I  don't  think  I  ought  to 
say  how  many  bills  before  Congress.  There  is  not  one  of  them  which  has 
not  got  page  after  page  that  really  ought  to  come  iip  only  in  the  negotia- 
tions between  the  Federal  Government  and  the  investor.  Of  course, 
there  is  public  sentiment  to  be  taken  into  consideration.  Some  people 
are  afraid  the  Federal  Government  will  not  get  its  rights,  and  they  want 
to  put  everything  in  the  bill.  But  give  us  an  executive  of&cer,  or  a  board 
if  you  prefer,  with  whom  we  can  deal,  and  who  has  authority  to  grant  us 
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a  suitable  right  upon  which  we  can  place  our  investment.  If  we  like  it 
we  will  take  it;  if  not  we  will  let  it  alone. 

Water-power  is  interesting  to  people  who  know  about  water-powers. 
One  of  the  worst  jobs  there  is  to  perform  is  to  get  a  man  interested  in 
water-power  development  who  does  not  understand  it.  The  first  thing 
he  does  is  to  run  to  his  lawyer,  who  tells  him  you  can't  get  any  rights, 
and  the  second  thing  he  does  is  to  run  to  an  engineer,  who  says  it  is  not  a 
feasible  project.  At  the  head  of  one  of  the  largest  bonding  houses  is  a 
man  who  will  not  touch  a  security  that  is  based  on  water-power,  because 
they  were  in  some  at  one  time  that  were  not  worth  talking  about.  Give 
us  somebody  whom  we  can  deal  with  and  let  us  thresh  it  out  in  each  case. 

When  there  is  a  splendid  market  and  the  transmission  is  not  too  far. 
you  can  thresh  it  out  mighty  close  with  us ;  and  where  the  market  must 
be  developed,  and  where  we  must  have  long  transmission  lines,  we  will 
thresh  it  out  mighty  close  with  you.  If  the  Government  is  going  into 
business  it  must  do  business  as  others  do,  and  that  is  by  trading. 

Unlock  the  door  and  let  us  look  the  ground  over.  If  we  like  the  propo-* 
sition  let  us  be  in  a  position  to  deal  with  some  accredited  Oovemment 
official ;  if  we  don't  like  it  we  won't  come  in. 

I  have  believed  from  the  beginning  there  is  just  as  much  desire  on  the 
part  of  the  conservationist  to  secure  the  development  of  water-power  as 
there  was  on  the  part  of  the  water-power  company.  Obviously,  if  you 
wish  to  conserve  water  you  must  get  it  developed  as  quickly  as  you  can. 

The  practical  result  of  all  this  discussion  has  been  the  standardizing 
of  opinion.  Now,  Secretary  Fisher  gave  a  bang  at  the  attorneys  in  this 
matter.  He  said  he  talked  with  one  of  the  heads  of  a  company,  and  he 
said  he  was  all  right  if  his  attorney  didn't  tell  him  wrong.  I  had  a  con- 
ference in  New  York  within  ten  days  with  one  firm  of  attorneys,  who 
advised  the  largest  single  water-power  interest  in  the  United  States,  in 
which  the  substance  of  the  Burton  Bill  was  discussed,  and  the  attorneys 
in  that  case  advised  the  reluctant  vice-president  of  the  company  that  that 
was  a  workable  bill.  (Applause.)  On  the  same  day  I  had  a  conference 
with  a  firm  of  attorneys  in  New  York,  who  represent  the  largest  water- 
power  interests  in  Montana,  and  he  said  a  bill  along  the  lines  of  the 
Burton  Bill  would  not  only  b4  acceptable  for  purposes  of  future  develop- 
ment, but  would  probably  correct  a  most  difficult  and  serious  situation 
which  they  already  have  on  hand.  I  myself  have  devoted  two  years  try- 
ing to  drop  a  few  seeds  of  education  down  here,  but  more  particularly 
educating  my  clients.  The  attorney  in  Boston  who  represents  a  company 
which  formerly  got  into  difficulty  with  the  Department  over  the  terms  of 
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lease  has  advised  me  that  he  considers  bills  along  the  lines  just  dificnssed 
absolutely  satisfactory.  There  is  a  class  of  attorneys  still  that  are  advis- 
ing their  clients  mistakenly^  and  I  never  knew  where  that  original  error 
started  until  now.  Those  people  have  written  briefs  and  had  discussions 
about  the  control  of  water,  and  I  am  not  yet  ready  to  render  an  opinion^ 
although  Mr.  Wells  has  stated  the  California  courts  have  decided  against 
that^  there  is  a  well-formed  opinion  that  the  States  have  control  of  water. 
But  anyhow  you  control  the  land  and  the  water  flows  by  it.  Now,  an 
eminent  attorney  in  Minneapolis  has  given  an  excellent  brief  on  that 
subject,  one  of  the  most  profound  discussions  any  of  us  have  seen.  It  is 
a  good  bark,  but  he  is  barking  up  the  wrong  tree. 
•  If  you  can  get  people  to  realize  that  that  is  not  the  question  involved 
it  will  help  in  Congress.  Nothing  is  so  poor  that  it  cannot  be  heard  in 
Congress;  also  nothing  is  so  poor  that  a  wire  can't  be  pulled  for  it  in 
Congress,  with  all  due  respect  to  Congress  and  all  branches  of  the  Gov* 
emment.  If  we  carry  this  matter  to  Congress,  and  make  it  realize  that 
there  is  a  standard  of  opinion  on  the  matter,  it  won't  be  long  before  the 
question  is  settled. 
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A  STANDARD  BASIS  FOR  CLASSIFICATION 

BY  8.  T.  DANA 
Delivered  before  the  Society  January  23,  1913 

In  Jvly,  1912,  a  tentative;  plan  for  a  standard  classification  of  land 
and  forest  types  was  suggested  by  the  Forest  Service  for  use  on  the 
National  Forests.  The  main  object  of  the  proposed  standardization  was 
to  secnre  nniformity  in  Service  records  by  adopting  a  classification  which 
wonld  correlate^  so  far  as  possible,  work  done  in  the  different  districts 
and  different  branches.  The  classification  was  intended  for  practical 
nse  in  connection  with  boundary,  reconnaissance,  timber  sale,  and  all 
other  work  where  a  detailed,  intensive  classification  requiring  expert 
knowledge  is  nqt  needed.  For  this  purpose  it  must  obviously  be  a  com- 
paratively simple  one  which  can  readily  be  applied  in  the  field  by  the 
class  of  forest  officers  ordinarily  assigned  to  such  work. 

The  plan  provided  for  three  main  divisions — "Treeless  Land,'*  "Wood- 
land,'' and  "Timberland.''  Treeless  land  was  in  turn  subdivided  into 
^TBarren,"  'T)esert,''  "Grass,"  "Cultivated,"  "Brush,"  "Sagebrush,"  and 
**Bum,"  while  "Woodland"  and  "Timberland"  were  divided  into  forest 
types  such  as  "Pinon-Juniper,"  "Western  Yellow  Pine,"  "Douglas  Fir," 
"Engelmann  Spruce,"  etc.  The  composition  of  the  present  stand  was 
taken  as  the  basis  for  the  division  into  forest  types,  and  stands  with  such 
marked  differences  in  composition  as  to  give  them  distinctive  character- 
istics, were  classed  as  separate  types,  irrespective  of  whether  the  type  is 
a  temporary  or  a  permanent  one.  This  basis  was  adopted  for  four  princi- 
pal reasons:  (1)  Because  composition  is  the  most  natural  and  most  gen- 
eraUy  used  basis  for  describing  forest  stands;  (2)  because  it  is  easier  of 
practical  application  than  any  other;  (3)  because  our  forest  manage- 
ment for  many  years  to  come  will  be  concerned  primarily  with  the  pres- 
ent stand,  and  (4)  because  the  present  stand  is  generally  a  good  indica- 
tion of  the  site  and  of  the  climatio  conditions  prevailing  in  any  given 
area.  The  plan  went  one  step  further  than  this,  however,  and  in  cases 
where  the  present  type  is  clearly  a  temporary  one,  provided  for  indi- 
cating also  the  permanent  type  to  which  the  area  is  evidently  adapted. 

(53) 
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Little  criticism  was  made  of  the  classification  of  'treeless  Land/' 
The  classification  of  forest  types  also  met  with  fairly  general  approval, 
but  in  some  quarters  it  was  vigorously  criticisedy  and  in  nearly  all  of  the 
districts  aroused  considerable  discussion.  This  discussion  brought  out 
so  clearly  the  general  haziness  now  surrounding  the  entire  subject  of 
forest  types  that  this  meeting  was  arranged  to  afford  an  opportunity  to 
have  all  sides  of  the  question  clearly  brought  out  and  discussed. 

The  criticism  of  the  proposed  standardization  is  based  mainly  on  two 
grounds:  (1)  That  composition  is  not  a  proper  criterion  to  use  in  dis- 
tinguishing forest  types,  and  (2)  that  any  standardization  of  types  is 
unwise,  impractical,  and  unnecessary.  It  is  these  two  points  that  I  wish 
to  take  up  particularly.  Before  going  into  them  in  detail,  however,  it 
may  be  well  to  call  attention  to  the  various  ways  in  which  types  have 
been  further  subdivided,  mainly  according  to  their  stability.  Thus  it 
is  easy  to  find  references  in  forest  literature  to  temporary  types,  transi- 
tory types,  transient  types,  transitional  types,  intermediate  types,  deriva- 
tive types,  timber  types,  dendrological  types,  cover  types,  permanent 
types,  fundamental  types,  original  types,  mother  types,  natural  types, 
physical  types,  natural  physical  types,  final  types,  ultimate  types,  climax 
types,  and  management  types. 

Even  worse  than  this  multiplicity  of  terms  is  the  fact  that  the  same 
term  is  often  used  by  different  persons  in  an  entirely  different  sense. 
Thus,  by  ''natural  type"  one  person  may  mean  any  type  actually  occur- 
ring in  nature,  while  another  may  mean  the  type  which  will  eventually 
take  possession  of  any  given  area  if  nature  is  left  to  itself,  and  interfer- 
ence by  man,  fire,  or  other  disturbing  factors  is  eliminated.  In  the  first 
sense,  both  western  white  pine  and  cedar-hemlock  in  northern  Idaho  are 
''natural  types,''  while  in  the  second  sense  western  white  pine  is  not  a 
"natural  type."  A  "physical  type"  may,  according  to  the  user,  mean 
either  the  type  which  will  eventually  take  possession  of  an  area  if  all 
<[isturbing  infiuences  are  kept  out,  or  the  type  which  we  dhould  strive  to 
secure  under  forest  management.  In  the  first  sense,  to  use  the  same 
illustration  as  before,  cedar-hemlock  would  be  a  "physical  type"  and 
western  white  pine  would  not,  while  in  the  second  sense  western  white 
pine  would  be  a  "physical"  type  and  cedar-hemlock  would  not. 

Illustrations  of  this  sort  as  to  the  conflicting  use  of  the  same  terms 
could  be  continued  almost  indefinitely.  These,  however,  are  sufficient 
to  show  the  confusion  which  now  exists  and  the  necessity  for  some  stand- 
ard nomenclature.  In  order  to  avoid  any  misunderstanding  as  to  what 
is  meant  when  various  types  are  referred  to  in  this  article,  I  wish  to 
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define  briefly  the  different  kinds  of  types  which  it  seems  to  me  serve  a 
usefnl  pnrpose  and  should  be  recognized. 

A  forest  type,  known  often  as  simply  a  type,  is  a  stand  of  trees  with 
distinctive  characteristics  of  composition.  A  cover  type  is  a  forest  type 
now  occupying  the  ground,  The  term  conveys  no  implication  as  to 
whether  the  type  is  temporaiy  or  permanent^  or  one  which  we  shall  strive 
to  maintain  under  forest  management.  A  temporary  type  is  a  forest 
type  which  has  come  in  as  a  result  of  some  interference  with  natural 
conditions,  such  as  fire  or  lumbering,  and  which  will  eventually,  if  na- 
ture is  left  undisturbed,  be  replaced  by  a  different  type.  A  permanent 
type,  or  natural  type,  is  a  forest  type  which  will  eventually  take  posses- 
sion of  and  perpetuate  itself  on  any  given  area  if  natural  conditions  are 
undisturbed.  A  management  type  is  a  forest  type  that  we  shall  strive 
to  maintain  under  forest  management,  irrespective  of  whether  or  not  it 
is  the  type  that  would  occupy  the  area  under  natural  conditions. 

The  definition  of  forest  type  just  given  has  been  objected  to  on  the 
ground  that  the  term  forest  type  should  be  restricted  to  apply  only  to 
permanent  types.  The  term  has,  howeyer,  been  so  generally  used  in  the 
sense  given  in  the  definition  that  it  has,  I  believe,  become  thoroughly 
established  by  good  usage.  Forest  Service  Bulletin  61,  ^^erms  Used  in 
Forestry  and  Logging,'^  which  was  prepared  in  cooperation  with  this 
Society,  defines  a  "Forest  Type"  as  '*a  forest  or  a  part  of  a  forest  pos- 
sessing distinctive  characteristics  of  composition  or  habit  of  growth/' 
and  draws  no  distinction  between  temporary  and  permanent  types.  Mr. 
Graves,  in  his  'Trinciples  of  Handling  Woodlands,^'  defines  a  stand  as 
''a  general  expression  applied  to  any  given  portion  of  a  forest  having  a 
distinct  character.^'  In  accordance  with  these  two  definitions,  a  forest 
type  is  simply  a  stand  in  which  the  distinct  character  is  its  composition. 

Perhaps  much  of  the  confusion  on  this  point  has  arisen  from  a  mis- 
interpretation of  Mr.  Baphael  Zon's  article  in  Vol.  I,  No.  3,  of  the 
Proceedings  of  the  Society  of  American  Foresters,  entitled  "Principles 
Involved  in  Determining  Forest  Types.''  In  this  he  says:  "A  natural 
forest  type,  then,  is  an  aggregation  of  stands  which  may  differ  from  each 
other  in  age,  density,  and  other  secondary  features,  but  have  the  same 
physical  conditions  of  situation,  soil,  topography,  exposure,  etc.'*  This 
definition  has  sometimes  been  used  as  applying  to  any  forest  type.  It 
should  be  noticed,  however,  that  Mr.  Zon  was  careful  to  use  the  qualify- 
ing adjective  "natural.''  Mr.  Zon  himself,  in  the  same  article,  recog- 
nizes that  interference  by  man  or  accidents  often  bring  about  changes  in 
the  composition  of  a  forest  which  must  be  reckoned  with,  and  concludes 
that  the  resulting  stands  may  be  called  temporary,  transitory,  or  deriva- 
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tive  types.  Further,  in  an  article  entitled  ^'Forest  Types  and  Their 
Succession  on  the  Kaniksu  National  Forest/^  deli^xed  before  the  Botanr 
ical  Society  of  Washington,  December  10,  1911,  he  states  that  ^'a  study 
of  the  foiost  revealed  the  existence  of  three  main  types,  of  which  two 
are  final,  or  climax^  types  and  one  a  transitional  type.  The  climax  typea 
are  yellow  pine-Dooglaa  fir  type  and  cedar-hemlock  type.  The  transi- 
tional type  is  white  pine-larch,  which  is  the  forerunner  to  the  cedar- 
hemlock  type.^' 

The  following  quotations  are  from  Forest  Serrioe  Bulletin  79,  ^^fe 
History  of  Lodgepole  Bum  Forests/'  by  F.  S.  Clements:  'The  farast 
of  Estes  Park  shows  fairly  well-defined  types :  (1)  The  yellow  pine  type; 
(2)  the  lodgepole-Douglas  fir  type,  and  (3)  the  Kngelmann  spruce- 
alpine  fir  type.''  'The  greatest  damage  was  done  in  the  lodgepole  type.*^ 
''The  vegetation  which  now  coyers  the  burned  area  consists  of  four  dif • 
ferent  types,  whidi  repeatedly  alternate.  These  are:  (1)  Pure  stands 
of  aspen;  (2)  mixtures  of  aspen  and  lodgepole;  (3)  pure  lodgepole,  and 
(4)  mixed  lodgepole  and  yellow  pine."  It  is  obvious  that  both  tempo- 
rary and  permanent  types  are  included  in  this  classification,  and  to 
prove  this  still  further,  Professor  Clements  in  the  same  bulletin  states 
that  "if  fire  were  kept  entirely  out  of  the  lodgepole  areas  in  the  central 
and  southern  parts  of  Colorado,  these  would  disappear,  to  be  replaced 
chiefly  by  forests  of  Engelmann  spruce." 

Such  expressions  as  western  white  pine  type,  aspen  type,  and  paper 
birch  type,  all  applying  to  temporary  forest  types,  are  so  common  as  not 
to  require  specific  illustration. 

The  composition  of  any  forest  type,  whether  temporary  or  permanent^ 
is  determined  both  by  the  physical  characteristics  of  the  site  and  the  ail- 
vical  characteristics  of  the  species.  It  has  always  been  recognized  that  the 
physical  factors,  such  as  soil,  moisture,  temperature,  and  precipitation^ 
have  an  important  influence  in  determining  the  permanent  or  natural 
t3rpe.  Mr.  Zon,  in  his  article  in  the  Proceedings  already  alluded  to^ 
emphasizes  these  strongly,  and  pays  very  little  attention  to  species,  ex- 
cept to  point  out  that  composition  is  not  a  safe  guide  to  use  in  distin- 
guishing natural  forest  types.  Yet  it  is  true  that  the  silvical  character- 
istics of  the  species  are  almost  equally  important  in  determining  the 
permanent  type.  Where  the  physical  and  climatic  conditions  are  favor- 
able for  several  species,  as  is  frequently  the  case,  the  tolerance  and  re- 
productive capacity  of  the  trees  themselves  determine  what  the  perma- 
nent type  will  be.  Intolerant  species  whose  reproductive  capacity  is 
particularly  vigorous,  are  often  able  to  maintain  themselves  in  a  stand 
as  individuals  or  as  small  groups,  but  if  nature  is  left  undisturbed  it  is 
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almost  invariably  the  more  tolerant  species  that  constitute  the  final 
stand.  Cedar  and  hemlock  do  not  replace  western  white  pine  as  the 
permanent  type  in  northern  Idaho  and  Douglas  fir  in  the  Northwest 
because  they  sre  better  adapted  to  the  physical  conditions^  but  because 
they  are  more  tolerant.  This  recognition  of  the  part  played  by  the 
trees  themselves  is  important  for  the  forester^  since  it  means  that  the 
permanent  type  is  not  necessarily  the  one  he  will  strive  for. 

On  the  other  hand,  the  part  which  species  play  in  determining  tempo- 
rary types  has  been  emphasized  and  the  part  played  by  the  physical  con- 
ditions generally  overlooked.  Yet  it  is  obvious  that  the  physical  condi- 
tions must,  be  more  or  less  favorable  to  the  species  composing  the 
temporary  t3rpe,  or  they  would  not  come  in  at  all.  Thus,  western  white 
pine  in  northern  Idaho  follows  fire  as  a  temporary  type  in  favorable 
situations  at  the  lower  elevations,  but  not  at  the  higher  altitudes  and  in 
inhospitable  situations.  Both  temporary  and  permanent  t3rpes,  then,. 
are  determined  primarily  by  physical  conditions,  which  control  tree  dis- 
tribution in  general,  and  secondarily  by  the  species,  whose  silvical  char- 
acteristics determine  whidi  ones  will  finally  win  out  in  the  struggle  tO' 
secure  possession  of  the  area. 

The  practical  importance  of  permanent  forest  types  has,  it  seems  to 
me,  been  rather  over-emphasized.  To  quote  once  more  from  Mr.  Zon's 
article  in  Vol.  I  of  the  Proceedings,  he  states  that  '^in  reproducing  the 
6ut-over  forest,  the  forester  must  endeavor  to  obtain  in  the  shortest  pos- 
sible time  the  original  forest  type,  and  since  in  the  majority  of  our  for- 
ests, as  a  result  of  cuttings  made  without  regard  to  silvical  requirements 
of  the  species,  the  original  type  is  mostly  supplanted  by  a  temporary 
growth,  the  principal  aim  in  caring  for  cui-over  areas  is  to  restore  the 
original  forest  type.'*  While  this  is  perhaps  generally  true,  there  are 
many  exceptions  to  it,  particularly  in  humid  r^ons.  It  is  not  infre- 
quently the  case  that  a  type  which  would  be  temporary  under  natural 
conditions  is  more  valuable  for  the  forester  to  maintain  than  one  which 
would  be  permanent.  This  is  preeminently  the  case  with  Douglas  fir 
on  the  Pacific  coast  and  with  western  white  piue  in  northern  Idaho.  In 
both  cases  the  valuable  Douglas  fir  and  western  white  pine,  which  will 
naturally  be  favored  in  forest  management,  are  replaced  in  the  perma^ 
nent  type  under  natural  conditions  by  the  slower  growing  and  less 
valuable  western  hemlock  and  western  red  cedar.  Only  those  species 
should  be  favored,  of  course,  which  are  adapted  to  the  physical  and  cli- 
matic conditions  of  the  locality;  but  when  there  are  several  species,  all 
of  which  grow  equally  well,  the  forester  will  not  and  should  not  neces- 
sarily favor  those  which  would  eventually  establish  themselves  in  nature. 
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For  the  proper  management  of  any  given  area  there  are  two  things 
which  the  forester  must  know:  (1)  What  is  at  present  on  the  ground, 
or  the  cover  type,  and  (2)  what  should  be  grown  there  in  the  future,  or 
the  management  type.  The  second  point  is  obviously  much  the  more 
difficult  to  determine,  involving,  as  it  does,  a  thorough  knowledge  of  the 
physical  conditions  of  the  area,  the  silvical  characteristics  of  the  species, 
both  in  relation  to  their  environment  and  to  each  other,  and  their  c<Hn« 
mercial  value.  For  this  reason  it  will  be  necessary  to  go  slow  in  at- 
tempting a  management  type  classification  until  further  investigations 
along  these  lines  have  been  conducted.  A  cover  type  classification,  on 
the  other  hand,  being  based  merely  on  present  composition,  can  safely 
be  undertaken  at  once. 

District  6  has  gone  particularly  far  in  attempting  to  base  its  forest 
types  on  physical  conditions  and  in  ignoring  composition.  The  recon- 
naissance instructions  concerning  these  so-called  'physical  types''  say: 
'The  type  classification  should  be  based  on  physical  features  of  environ- 
ment, soil,  altitude,  climate,  precipitation,  etc. ;  not  on  the  age  or  history 
of  the  stand,  and  not  necessarily  on  its  composition,  although  this 
usually  is  an  indication  of  the  l^pe."  And  again,  in  commenting  on  the 
map  diowing  'physical  types,"  'This  map  shows  the  character  of  the 
ground  or  situation  only.'' 

The  use  of  the  term  ''physical  type"  in  this  sense  is  practically  the 
same  as  the  generally  accepted  meaning  of  "locality,"  or  "site."  This 
is  defined  in  Forest  Service  Bulletin  61  as  "An  area,  considered  witii 
referenoe  to  forest-producing  power.  The  factors  of  the  locality  are  the 
altitude,  soil,  slope,  aspect,  and  other  local  conditions  influencing  forest 
growth.  Locality  class,  or  quality  of  locality,  includes  all  localities  with 
similar  forest-producing  power."  Such  a  classification  is  undoubtedly 
a  useful  one  for  many  purposes,  but  it  would  be  better  to  drop  the  mis- 
leading term  "type,"  and  to  substitute  for  it  either  of  the  approved 
terms  "locality"  or  "site."  In  any  event,  it  shotdd  be  clearly  under- 
stood that  the  term  refers  to  the  area  and  not  directly  to  the  stand. 

The  second  objection  to  the  proposed  standardization  of  forest  types 
is  that  it  is  impractical  and  unnecessary.  In  support  of  this  contention 
it  is  argued  that  the  same  species  has  different  characteristics  in  different 
parts  of  its  range,  and  that  it  is  inaccurate  and  xmscientific  to  apply  the 
same  type  name  to  stands  of  the  same  species  in  different  parts  of  the 
country. 

It  is  undoubtedly  true  that  yellow  pine  stands,  for  instance,  in  Ari- 
zona and  New  Mexico  are  not  precisely  similar  to  yellow  pine  stands,  in 
eastern  Oregon.    Their  general  characteristics  are,  however,  the  same, 
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«nd  it  must  be  borne  in  mind  that  forest  types  are  seldom  discussed  or 
made  any  practical  use  of  except  in  connection  with,  some  particular 
locality,  which  at  once  calls  up  the  peculiar  characteristics  of  the  type 
in  that  locality.  Furthermore,  there  are  minor  variations  in  any  given 
type  even  in  the  same  locality.  I  venture  to  say  that  yellow  pine  stands 
in  the  Coconino  National  Forest  in  Arizona  on  limestone,  malpais,  and 
cinder  soils  differ  nearly,  if  not  quite,  as  much  from  each  other  as  they 
do  from  yellow  pine  stands  in  Oregon,  and  that  the  yellow  pine  stands 
on  the  Whitman  National  Forest,  in  the  Blue  Mountains  in  eastern 
Oregon,  differ  as  much  from  those  on  the  east  slope  of  the  Cascades,  in 
the  Deschutes  National  Forest,  as  they  do  from  those  in  the  Southwest. 
It  seems  to  me  inconsistent,  therefore,  to  group  the  Whitman  and 
Deschutes  yellow  pine  stands  together  merely  because  they  happen  to  be 
in  the  same  National  Forest  district,  and  to  exclude  the  Coconino  stands 
because  they  happen  to  be  in  a  different  district.  Is  there  any  good 
reason  why  they  should  not  all  be  known  as  the  '^yellow  pine  type,'' 
recognizing,  of  course,  the  fact  that  the  type  is  not  absolutely  uniform 
in  all  parts  of  its  range  ?  It  is  true  that  precisely  the  same  method  of 
cutting  cannot  be  used  in  all  parts  of  the  same  l^pe ;  but  this  would  be 
equally  true  under  any  classification  whatever,  since  the  exact  trees  to  be 
removed  must  actually  be  selected  on  the  ground  in  each  particular  case. 

As  far  as  the  necessity  for  standardization  is  concerned,  it  is  sufBcient 
to  point  out  that  so  many  conflicting  classifications  are  now  in  use  that 
it  is  impossible  for  two  persons  holding  different  ideas  on  the  subject  to 
get  together  on  any  common  ground  without  much  fruitless  preliminary 
discussion  and  argument. 

Under  present  conditions,  stands  closely  resembling  each  other  in 
composition  and  general  characteristics  in  the  different  districts  may  be 
variously  designated  as  the  Engelmann  spruce  type,  alpine-fir  type, 
Engelmann  spruce-alpine  fir  type,  upper  slope  type,  sub-alpine  type,  and 
alpine  type.  Even  on  the  same  Forest  different  people  by  no  means 
recognize  the  same  forest  types.  Take,  for  example,  the  Kaniksu  Na- 
tional Forest  in  northern  Idaho,  where  the  types  have  perhaps  been 
studied  as  carefully  as  anjrwhere  in  the  National  Forests.  Here  Mr.  Zon 
divides  the  forest  into  three  main  types — ^yellow  pine-Douglas  fir,  cedar- 
hemlock,  and  white  pine-larch.  Prof.  E.  H.  Shattuck,  director  of  the 
Forest  School  at  the  University  of  Idaho,  recognizes  four  types,  two  of 
which,  yellow  pine-red  fir  and  hemlock-cedar,  he  describes  as  climax 
l^pes,  and  two,  white  pine-larch  and  lodgepole  pine,  as  transitional. 
F.  I.  Bockwell,  on  the  other  hand,  divides  the  forest  into  six  funda- 
mental types — western  yellow  pine,  pure  Douglas  fir,  western  larch- 
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Douglas  fir,  western  white  pine,  Engelmann  spnioe,  and  sub-alpine. 
O.  E.  Tower  recognizes  a  bull  pine  and  red  fir  type,  hemlock  slope  type, 
bottomland  type,  and  alpine  or  ridge  type;  B.  L.  Fromme,  a  yellow  pine 
type,  lodgepole  pine  type,  silver  pine  type,  red  fir  slope  type,  and  alpine 
fir  type,  and  A.  0.  Benson,  a  white  pine  type,  yellow  pine  type,  Douglas 
fir  type,  temporary  lodgepole  type,  alpine  type,  and  barren  type. 

When  such  differences  as  these  arise  on  a  single  Forest  all  sorts  of 
inconsistencies  and  misunderstandings  are  obviously  likely  to  occur  in 
distinguishing  types  on  different  Forests  and  in  different  districts.  Is 
it  not  clear  that  some  standardization  of  forest  types  is  not  only  desirar 
ble,  but  absolutely  essential,  to  clear  up  this  question  and  bring  about 
some  degree  of  uniformity? 


AN  ANALYSIS  AND  SYNTHESIS  - 

OP  THE  TEEM  FBOM  A  GEO-  "^ 

GRAPHIC  STANDPOINT  % 

BY  FBXD  0.  PLUUICBR 

Delivered  before  the  Society  January  % 

tS,  191S  I 

Ify  coDtribntion  to  the  present  dis-  » 

cuBBion  is  submitted  in  diagnimmatic  | 

form  rather  than  text,  since  that  seems  •• 

the  best  means  of  expreasion.  g 

Since  a  forest  is  an  area  of  plant  9 

formation  in  which  trees  dominate,  a  \ 

type    of   variation    of    the    formation  ■ 

should  be  recf^nized  by  the  kinds  of  i 

trees.    Thus  the  composition  of  a  forest  i 

detennines  the  type  to  whidi,  by  the  •• 

common  consent  of  all  practical  for-  | 

esters,  it  should  be  asragibed.  | 


SHALL  THE  PHYSICAL  CONDITIONS  OB  THE  DENDBO- 
LOGICAL  MIXTTJBE  BE  THE  BASIS  FOB 

FOBEST  TYPING? 

BY  THORNTON  T.  HUNGER 

Delivered  before  the  Society  January  £5,  191S 

Before  entering  into  a  discussion  of  the  proper  basis  for  distinguishing 
forest  types  it  seems  to  me  to  be  necessary  to  specify  for  what  purposes 
forest  typing  is  intended  and  to  what  degree  of  intensity  the  work  is  to 
be  carried  on.  We  all  recognize  that  hardly  any  two  acres  of  timber- 
land^  particularly  in  mountainous  regions^  are  exactly  similar  either  in 
composition  or  physical  conditions.  The  painstaking  student  could  make 
a  separate  type  of  nearly  every  acre  of  a  small  timbered  tract  which  in 
its  general  features  was  uniform  throughout;  or  if  a  very  large  region 
is  being  described,  such  as  the  United  States,  it  might  be  divided  into  a 
dozen  of  what  are  called  forest  types,  though  more  properly  they  are 
forest  regions.  Somewhere  between  these  two  extremes  lies  the  kind  of 
forest  typing  that  it  is  practical  for  the  forester  to  do  and  for  him  to  use 
in  the  detailed  administration  of  his  tract  on  his  working  maps  and  in 
preparing  his  working  plan.  The  so-called  intensive  reconnaissance,  now 
in  progress  on  many  of  the  National  Forests,  demands  typing  of  this 
nature.  Its  field-work  consists  in  running  cruising  strips  at  least  once, 
often  twice,  through  every  forty,  making  it  practical  to  obtain  a  close 
estimate  for  each  twenty  or  forty  acre  legal  subdivision  or  compartment, 
and  to  indicate  on  the  4  inches  to  the  mile  maps  any  distinct  variations 
in  cover  or  type  that  extend  over  an  area  at  least  10  chains  wide.  Let  us 
assume,  therefore,  that  the  forest  types  discussed  herein  are  of  the  inten- 
sity that  it  is  practical  to  use  in  the  so-called  intensive  reconnaissance 
work. 

The  term  forest  type  must  above  all  be  used  for  a  classification  of 
timberland  that  will  be  useful  to  the  practicing  forester  in  forest  man- 
agement in  a  broad  sense.  Forest  typing  must  not  be  merely  a  theoretic 
grouping  of  similar  areas  convenient  for  wall-map  purposes  or  a  classifi- 
cation of  merely  botanical  or  ecological  interest.  Their  distinctions  must 
be  based  on  fundamental  points  of  difference  which  have  significance  to 
the  forester. 

We  all  agree  that  forest  typing  consists  in  grouping  timbered  lands 
into  a  few  or  several  arbitrarily  defined  classes,  each  of  which  is  different 
(62) 
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from  every  other  class  in  certain  respects  and  each  of  which  is  more  or 
less  homogeneous  throughout.  There  are  many  ways  in  which  we  can 
divide  up  a  timbered  tract  for  purposes  of  classification.  The  classifica- 
tion may  be  made  on  the  basis  of  the  present  stand,  on  the  basis  of  the 
ultimate  stand,  on  the  basis  of  the  amount  of  the  stand  in  board  feet,  on 
the  basis  of  the  cutting  period  into  which  it  falls,  or  on  the  basis  of  the 
climatic  and  soil  factors  of  the  site.  Each  of  these  classifications  has  its 
uses,  and  the  forester  may  care  to  prepare  maps  of  his  tract  showing 
graphically  the  distribution  of  any  or  all  of  them.  The  real  question 
before  us  seems  to  be,  Which  of  the  systems  of  classification  shall  be 
called  forest  types? 

In  every  form  of  intensive  reconnaissance  which  a^  forester  is  doing 
preparatory  to  making  working  plans  he  should  include  the  collection  of 
data  showing  both  the  present  composition  by  species  and  the  physical 
conditions  of  the  site.  Though  both  of  these  classes  of  data  may  be  shown 
on  his  maps,  I  feel  that  the  term  "forest  type''  should  be  reserved  for  a 
classification  based  upon  permanent  basic  physical  factors.  I  should  de- 
fine, therefore,  a  forest  type  as  an  aggregation  of  areas  of  forest  land 
upon  which  the  physical  conditions  of  climate,  soil,  and  moisture  are  so 
similar  that  an  identical  form  of  silvicultural  management  may  be  ap- 
plied on  all.  Let  me  show  just  how  such  physical  forest  types  would  be 
distinguished  and  how  they  may  be  used. 

If  a  working  plan  is  to  be  prepared  for  a  National  Forest  the  forester 
wants  to  know  how  much  land  he  has  that  is  non-productive  mountain 
tops;  how  much  high,  upper  slope  upon  which  only  the  slow  growth  of 
inferior  species  can  be  obtained ;  how  much  river  bottom ;  how  much  foot- 
hill and  highly  productive  lower  slope  country  he  has.  Suppose  that  on 
this  National  Forest  there  occur  six  classes  of  sites  or  forest  types.  Ac- 
cording to  the  plan  which  I  favor,  each  would  be  given  a  name  appro- 
priate to  its  topographic  situation  or  physical  condition.  The  names 
used  by  some  ecologists — Canadian,  Transitional,  and  Hudsonian — have 
their  merits,  but  are  not  adequate  for  the  purposes  of  the  forester. 
Names  suggestive  of  the  present  or  future  composition  of  the  forest  are 
also  to  be  avoided,  since  this  classification  is  not  based  upon  composition, 
and  to  name  the  types  by  their  prevalent  species  would  cause  confusion. 
Each  of  these  types  would  have  certain  definite  characteristics  of  climate, 
soil,  etc.,  and  upon  each  similar  forest  management  would  be  expected  to 
produce  similar  results.  So  far  as  the  silvicultural  part  of  the  working 
plan  is  concerned,  each  type  would  be  considered  as  a  unit  and  a  single 
recommendation  would  apply  to  it.  The  burns,  for  example,  would  be 
reforested  and  handled  in  the  way  that  was  indicated  for  the  physical 
5r 
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forest  type  to  which  they  belonged.  Growth  studies  would  be  made  in 
each  forest  type,  for  each  set  of  similar  conditions  may  be  expected  to 
produce  under  management  similar  amounts  of  the  desired  kind  of  trees. 
Thus  predictions  of  future  yields  could  be  made  on  the  basis  of  the  po- 
tential growing  capacity  of  each  forest  type.  Such  a  classification  means 
something,  for  it  is  based  on  permanent  factors ;  it  is  stable ;  it  seems  to 
me^  therefore,  the  only  true  basis  for  a  forester  to  use  in  working  out  the 
long-time  management  of  his  tract,  and  it  is  the  only  basis  to  which  to 
apply  normal  yield  tables.  And  the  physical  forest  types  being  funda- 
mental have  many  uses  in  timberland  management  beside  silvicultural 
uses;  they  are  convenient  in  forest  description  of  all  kinds  and  serve  to 
define  the  site  conditions  on  claims,  special  use  areas,  ranger  stations,  etc. 

As  many  forest  types  may  be  distinguished  as  the  variability  of  the 
physical  factors  and  the  intensity  of  the  management  require,  in  moun- 
tainous countries  the  variation  will  be  greater  than  in  plateau  country. 
According  to  the  definition  and  the  degree  of  intensity  described  above, 
a  whole  township  might  fall  in  one  forest  type,  or  the  type  might  change 
every  quarter  mile  in  a  rugged  region.  In  District  6  we  find  that  aine 
forest  types  answer  very  satisfactorily  for  our  intensive  reconnaissance 
work  in  Oregon  and  Washington.  Beginning  on  the  western  foothills  of 
the  Cascades  and  traversing  them  to  their  eastern  foothills,  the  following 
types  are  used — ^their  names  are  almost  self-explanatory:  Bottomland, 
Lower  Slope,  Upper  Slope,  Alpine  (on  both  east  and  west  sides  of  the 
divide),  Transition,  North  Slope,  Slope,  Bench,  and  Lowland.  While 
these  types  usually  merge  into  one  another  gradually,  consistent  differen- 
tiation between  them  by  reconnaissance  parties  is  not  difficult.  Some  of 
them  are  still  further  subdivided  into  two  or  three  qualities — ^as,  for 
example,  the  lower  slope,  which  occupies  a  wide  zonal  belt  on  the  west 
slope  of  the  Cascades,  and  consists  entirely  of  land  adapted  to  pure 
stands  of  Douglas  fir,  manageable  by  the  clean-cutting  system,  but  which 
because  of  variations  in  depth  and  richness  of  soil  has  a  variation  in  rate 
of  growth  which  warrants  its  separation  into  Lower  Slope — Quality  I, 
Quality  II,  and  Quality  III.  We  could  make  as  many  more  or  twice  as 
many  more  types,  but  nothing  would  be  gained  by  complicating  the 
typing  beyond  the  point  of  practical  application  by  the  field  force. 

There  is  no  doubt  but  that  such  a  classification  is  useful  to  a  forester. 
Besides  being  the  basis  for  all  his  future  plans,  telling  him  just  how 
much  of  each  class  of  situations  he  has,  it  also  tells  him  the  areas  that 
are  adapted  to  each  form  of  silviculture.  This  system  of  forest  typing  is 
also  the  basis  for  all  agricultural  land  classification  work,  though  for  this 
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work  the  differentiatioii  of  the  areas  according  to  their  physical  factors 
will  be  carried  a  little  farther  than  is  necessary  for  forest  management. 

In  the  preceding  paragraphs  I  have  tried  to  show  the  advantages  of 
making  our  forest  types  on  the  basis  of  their  physical  factors.  Now,  I 
want  to  indicate  what  seems  to  me  to  be  the  disadvantages  of  considering 
composition  a  primary  basis  for  distinguishing  types  and  to  explain  a 
more  useful  method  of  showing  on  reconnaissance  maps  the  mixture  of 
species. 

It  is,  of  course,  very  necessary  for  the  forester  to  have  a  specific  record 
of  the  composition  of  the  forest  on  each  unit  of  his  tract,  but  I  feel  that 
that  by  no  means  necessitates  classifying  each  piece  of  land  according  to 
the  mixture  that  it  chances  to  carry  at  the  present  time.  A  clear  and 
useful  method  of  showing  the  composition  I  will  call  attention  to  later. 
The  mixture  of  species  is  an  item  in  the  estimate  and  has  a  bearing  on 
the  present  timber-sale  business.  It  is,  moreover,  in  most  forest  regions 
an  unstable  condition  and  so  haphazard  that  it  cannot  be  considered  the 
criterion  by  which  to  fix  the  future  management  of  the  tract.  Let  me 
illustrate:  A  tract  on  all  of  which  the  physical  conditions  are  uniform 
and  on  which  a  half  dozen  kinds  of  trees  occur  may  have  fifteen  distinct 
combinations  of  species,  yet  receive  identical  treatment  in  the  hands  of 
the  forester.  To  divide  up  such  a  tract  into  several  so-called  types  on 
the  basis  of  its  composition  would  be  to  adopt  a  form  of  typing  that  had 
no  relation  to  the  forester's  handling  of  the  tract.  Such  types  would 
be  dendrological,  not  forest,  types.  Reversely  a  single  species  may  grow 
in  pure  stands  in  a  variety  of  physical  types ;  lodgepole  pine,  for  example, 
grows  both  on  the  high  Cascades,  on  the  interior  plateaus,  and  in  the 
very  humid  sand-dune  belt  in  District  6,  as  well  as  in  other  sites  id 
other  districts.  To  consider  all  these  distinct  physical  types  (f.  e.,  what 
I  advocate  calling  forest  types)  as  one  because  they  produce  pure  stands 
of  a  single  species  would  be  misleading  to  the  forester,  because  he  wants 
to  know  where  the  physical  conditions  change  that  he  may  adapt  his  silvi- 
culture accordingly.  Similarly  no  one  would  say  that  the  pure  stands  of 
Douglas  fir  in  Montana  and  the  pure  stands  of  Douglas  fir  in  western 
Washington  belonged  to  the  same  forest  type,  yet  that  is  what  forest 
typing  by  species  would  necessitate.  Botanically  they  are  the  same,  but 
from  the  forester's  viewpoint  they  are  so  dissimilar  in  rate  of  growth  and 
silvical  requirements  that  they  might  as  well  be  separate  species. 

The  flora  will  often  reflect  the  physical  type,  but  forest-tree  species 
alone  are  exceedingly  treacherous  indicators  of  the  site,  since  some  spe- 
cies grow  under  widely  variable  conditions,  and  since  chance  has  played 
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As  I  have  ir.ei  :o  ^i-.w  i-  :i^  pnece^iir-g  paragraphs,  my  principal  ob- 
jection :o  ^.Ij^ifT'.'z  runrtrrlAzii  a.:'X-r!:n^  to  composition  and  calling 
the  elassin.-d::- n  f-re^:  " 'ir  i*  ri^t  it  i^  wrong  in  principle.  I  also 
feel  that  it  his  r-n^:::^!  .:";>:::•=.?-  In  a  region  where  the  species  are 
macT  and  the  c^.mwffirlvn  is  Tar:r:2:a:ed,  it  would  be  extremely  hard  in 
intensive  rev^nnAifSAi-e  w-rk  to  type  that  area  according  to  its  compo- 
sition, bv  rtinninj  thr»:'::rh  a  forty  once,  in  a  way  that  would  be  truthful 
and  mean  anythmj.  Where  5>?v:^  stioh  as  western  yellow  pine,  Doug- 
las fir,  western  Iamb.  Ic-iirew-Ie  pine,  and  white  fir  occur,  each  in  pure 
stands  and  in  a  ^reat  variecr  of  mixmres,  as  is  usual,  it  would  not  be 
enough  to  have  three  or  four  broad  classes  when  there  actually  are  a 
dozen  or  fifteen  distinct  combinations.  If  the  forester  is  basing  his  man- 
agement on  a  olassidcation  bv  species  the  classification  must  be  detailed 
to  be  useful :  to  adopt  wide  classes  to  cover  a  variety  of  mixtures  is  not 
scientific  and  is  actually  misleading.  For  example,  if  species  are  the 
criterion,  terms  such  as  the  *^hite  fir-lareh"  type  or  the  "white  fir- 
Douglas  fir^  type,  where  the  inferior  species  may  occupy  anywhere  from 
25  to  75  per  cent  of  the  mixture,  are  too  broad  to  be  of  any  value,  and 
are  not  the  kind  of  classifii:-ation  that  the  forester  can  use.  To  make  a 
distinct  type  for  each  dendrological  mixture  is  in  many  r^ons  absolutely 
impossible  in  actual  practice.  Frequently  a  forty  will  have  a  dozen 
patches  of  different  combinations  of  species.  To  map  all  of  these  kalei- 
doscopic variations  would  necessitate  unreasonably  intensive  field-work; 
not  to  map  all  would  mean  broad  generalizations,  showing  really  only 
forest-tree  regions  which  would  not  be  of  practical  use. 

The  forester  should,  however,  have  some  way  of  showing  the  compo- 
sition of  the  stand  on  each  unit  of  his  tract.  The  logical  way  to  show 
this,  I  feel,  is  in  exact  figures  as  a  part  of  the  estimate,  a  special  may 
being  prepared  on  which  the  estimate  by  species  for  each  forty  is  en- 
tered in  ink.  To  my  notion,  it  is  much  more  useful  to  see  directly  on 
the  map  the  exact  figures  for  the  number  of  board  feet  per  acre  of  each 
species  than  to  see  that  same  compartment  colored  in  a  way  to  represent 
a  certain  mixture  of  species,  the  exact  composition  of  which  is  not  known- 
It  is  better  to  see  on  the  map  that  the  stand  has  10,000  feet  of  yelloiiv 
pine,  2,000  feet  of  Douglas  fir,  and  1,000  feet  of  white  fir  per  acre  than 
merely  to  see  that  it  belongs  to  the  ^^yellow  pine-mixed  species*'  type. 

It  has  been  suggested  that  what  we  are  to  call  forest  types  be  distin- 
guished on  the  basis  of  the  species  that  would  ultimately  occupy  the 
ground  if  left  to  a  state  of  nature — i.  e,,  the  ultimate  type  or  the  climax 
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type.  Such  a  classification,  I  think,  is  more  logical  than  one  made  ac- 
cording to  the  temporary  composition,  but  it  would  amount  practically 
to  a  classification  according  to  the  physical  conditions  of  the  site  plus  a 
speculative  factor  as  to  the  future  mixture.  To  tjrpe  land  according  to 
what  ought  to  grow  there  if  left  to  nature  is  a  ticklish  imdertaking,  liable 
in  practice  to  lead  to  inconsistency  and  confusion  or  to  relapse  into  a 
classification  based  merely  on  the  physical  factors.  I  think  of  two  or 
three  physical  types  of  which  silvical  studies  have  been  made,  yet  of 
which  foresters  are  still  in  disagreement  as  to  the  ultimate  cover  type. 
Land  that  we  call  the  upper-slope  type  has  certain  physical  conditions, 
and  imder  management  will  produce,  we  will  say,  250  feet  per  acre  per 
year  of  timber  of  various  species  of  Abies,  white  pine,  and  mountain 
hemlock,  but  what  the  relative  abundance  of  these  trees  will  be  we  can- 
not teU  very  far  ahead,  nor  for  working  plan  purposes  is  it  very  impor- 
tant to  know.  Our  silviculture  will,  of  course,  strive  to  evolve  the  most 
valuable  mixture.  If  the  land  is  typed,  therefore,  according  to  the  phys- 
ical conditions,  it  seems  unnecessary  to  engage  in  fruitless  speculation, 
as  to  what  species  these  physical  factors  will  ultimately  produce. 

It  has  been  suggested  recently  that  a  plan  of  standardizing  the  forest 
types  of  the  country  be  inaugurated.  Whichever  way  the  forest  land  is 
classified,  either  according  to  diflferences  in  composition  or  in  physical 
condition,  the  standardization  should  not  be  sweeping  in  its  outlines. 
Generalization  over  large  areas  is  extremely  dangerous,  for  the  diflfer- 
ences that  interest  the  forester  in  any  one  locality  are  local  and  specific. 
To  amalgamate  under  one  forest  type-name  somewhat  similar  areas  in. 
widely  separated  regions  merely  for  the  sake  of  standardization  seems  to 
me  to  be  unwise.  The  timber-line  forest  type  of  the  Cascades  is  not  the 
same  as  the  timber-line  forest  type  of  the  Bockies  or  the  Appalachians, 
and  the  lower  slope  and  bench  of  each  of  the  great  mountain  ranges  have 
unique  features.  The  mesas  of  Arizona  are  not  the  same  as  those  of 
Oregon,  though  both  grow  pure  stands  of  Pinus  ponderosa,  and  from  the 
forester's  point  of  view  the  pine  stands  of  one  region  are  not  the  same  as 
those  of  the  other,  though  botanically  identical.  A  dendrological  type 
map  might  show  these  two  regions  in  the  same  color,  but  on  a  forester's 
working  map  they  must  be  separated.  In  order  to  secure  a  standardiza- 
tion throughout  the  country  and  at  the  same  time  preserve  the  distinc- 
tive local  features  of  the  classification  in  each  district,  I  would  suggest 
the  following  scheme:  Establish  a  standard  set  of  ten  or  fifteen  type 
names,  based  on  topography,  such  as  those  I  have  already  referred  to — 
bottomland,  bench,  lower  slope,  north  slope,  etc. — ^and  in  each  distinct 
forest  region  of  the  country  prefix  to  these  physical  types  a  local  geo- 
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graphic  title.  For  example,  in  Oregon  and  Washington  we  might  cal! 
our  forest  types  Cascade  bottomland,  Cascade  lower  slope.  Cascade  sub- 
alpine,  while  in  California  the  same  topography  and  relative  situation,, 
but  a  different  climate,  would  make  the  Sierra  bottomland,  the  Sierra 
lower  slope,  and  the  Sierra  sub-alpine.  In  many  instances  a  forest  type» 
such  as  the  Cascade  lower  slope,  would  be  confined  to  a  district ;  in  other 
instances  a  type,  such  as  the  Rocky  Mountain  sub-alpine,  might  occur  in 
two  or  three  districts. 

Such  a  scheme  is  comparable  to  that  used  by  the  Bureau  of  Soils,, 
which  divides  all  soils  into  several  broad  types  according  to  their  physical 
make-up — coarse  sand,  fine  sand,  sandy  loam — and  then  names  the  soil 
of  each  of  these  broad  types  by  some  local  name  in  accordance  with  its- 
distinctive  local  characteristics. 

Such  a  system  of  standardizing  and  naming  the  forest  types  of  the 
country  would  be  entirely  feasible  and  would  be  actually  very  useful  not 
only  in  all  kinds  of  National  Forest  work,  but  to  the  foresters  of  the- 
country  in  forest  description  and  in  scientific  investigation.  It  would 
insure  to  each  district  a  local  scheme  of  types  detailed  enough  for  prac- 
tical purposes,  such  as  is  needed  in  intensive  reconnaissance  work,  and 
yet  be  so  correlated  to  the  scheme  in  neighboring  districts  that  the  ad- 
vantages of  consistency  and  homogeneity  throughout  the  country  would 
be  attained. 
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LANDS  UNDER  THE  WEEKS  LAW 

BY  K.  W.  WOODWARD 
Delivered  before  the  Society  January  23,  J91S 

In  the  examination  of  lands  offered  for  purchase  under  the  provisions 
of  the  Weeks  law  it  has  been  found  desirable  to  classify  the  kinds  of 
forest  stands  and  sites  from  two  points  of  view.  In  the  first  place,  it  is 
necessary  to  know  the  composition  of  the  present  stands  in  order  to 
arrive  at  the  value  of  the  timber.  For  this  purpose  the  timber  on  a 
tract  under  consideration  is  divided  up  into  stands  of  about  the  same 
composition,  and  for  these  an  average  stand  per  acre  is  determined.  By 
this  method  a  close  approximation  to  the  total  stand  on  a  tract  can  be 
determined,  unless  the  tract  is  small  and  there  is  a  great  deal  of  varia- 
tion in  the  stand.  Obviously  this  method  of  estimating  timber  cannot 
be  advantageously  used  on  small  tracts.  In  such  cases  it  is  necessary 
to  cover  the  whole  tract  in  order  to  be  sure  that  all  the  good  timber  is 
included  and  that  the  thin  stands  are  given  proper  weight.  However, 
on  large  tracts  where  minor  variations  can  be  included  in  general  aver- 
ages this  method  gives  su£Sciently  accurate  results. 

The  second  way  in  which  sites  need  to  be  classified  in  valuing  the 
lands  offered  under  the  Weeks  law  is  to  determine  the  value  of  the  site 
for  producing  timber.  In  a  virgin  stand  the  present  composition  is  a 
very  good  index  of  what  can  be  grown  on  the  area  in  question.  However, 
it  is  conceivable  that  under  forest  management  it  may  not  be  advisable 
to  wait  for  the  struggle  of  existence  to  proceed  so  far  that  temporary 
species  are  eliminated.  For  example,  it  may  be  found  more  advan- 
tageous to  manage  the  upper  slopes  of  the  White  Mountains  so  that 
stands  of  balsam  may  be  secured  rather  than  to  wait  for  red  spruce  to 
come  in.  Obviously,  therefore,  it  is  necessary,  in  the  valuation  of  the 
land  for  forest  purposes,  to  hit  upon  some  method  of  classification  that 
will  divide  the  different  kinds  of  land  according  to  their  producing 
capacity.  This  producing  capacity  is  dependent  upon  the  climatic  and 
soil  factors.  These,  in  turn,  if  left  to  themselves,  will  produce  a  stand 
of  a  relatively  fixed  composition,  but  the  composition  is  merely  a  result 
of  the  climatic  and  soil  factors. 

As  a  means  of  classifying  stands  and  sites,  a  system  of  types  and  sub- 
types is  now  in  use.     A  forest  type  is  understood  to  be  an  area  in  which 
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the  climatic  and  soil  factors  are  uniform  and  which  may  therefore  pro- 
duce stands  of  like  composition.  A  subtype  is  a  subdivision  of  a  type  in 
which  the  struggle  for  existence  is  not  yet  completed  and  whose  compo- 
sition is  therefore  changing.  Generally  this  temporary  condition  is 
caused  by  fire,  lumbering,  windfall,  etc.  The  most  common  species  in 
subtypes  are  light-needing  ones  which  occupy  the  ground  quickly,  but 
which  will  ultimately  give  place  to  more  tolerant  species.. 

The  method  of  naming  types  and  subtypes  depends  upon  the  features 
which  are  most  prominent.  On  sites  where  the  climatic  and  soil  factors 
are  of  such  a  nature  that  one  species  is  preeminently  adapted  to  growth 
on  that  site,  the  type  or  subtype  may  be  most  conveniently  designated 
by  the  name  of  the  species.  For  example,  in  the  White  Mountains 
spruce  is  the  species  which  is  best  adapted  to  the  thin-soiled  mountain 
slopes  at  high  elevation.  In  the  same  way,  on  many  of  the  ridges  in 
the  southern  Appalachians  chestnut  oak  is  the  species  which  is  best 
adapted  to  such  sites,  and  under  natural  conditions  occupies  the  ground 
to  the  exclusion  of  other  species. 

On  sites  where  the  climatic  and  soil  factors  are  so  favorable  that  sev- 
eral species  can  contend  successfully  for  the  supremacy,  the  composition 
is  not  constant.  For  example,  in  the  White  Mountains  the  best  spruce, 
as  far  as  individual  development  is  concerned,  is  found  on  the  lower 
slopes.  However,  on  these  sites  it  never  occurs  in  pure  stands,  because 
other  species — notably  the  hardwoods,  beech,  birch,  and  maple — ^are  able 
to  contend  successfully  with  spruce,  white  pine,  and  hemlock  for  root 
space  and  crown  room.  Hence,  under  natural  conditions,  a  mixed  stand 
of  conifers  and  hardwoods  is  found  on  the  lower  slopes.  The  same  con- 
ditions are  found  in  the  southern  Appalachians.  In  the  deep-soiled 
moist  coves  the  composition  varies  greatly,  even  on  the  same  tract.  For 
example,  on  the  north  and  east  slopes  hemlock  has  a  tendency  to  occupy 
the  coves  to  the  exclusion  of  all  other  species.  On  warmer  sites  the 
coves  are  filled  with  yellow  poplar,  white  oak,  beech,  sycamore,  etc.  The 
examples  given  above  will  show  that  it  is  impossible  to  always  name  the 
type  by  the  most  abundant  species,  if  one  wishes  to  class  in  the  same 
group  the  sites  which  can  be  managed  by  the  same  methods.  However, 
where  climatic  and  soil  factors  only  permit  of  one  species  growing  suc- 
cessfully, the  type  can  be  most  conveniently  named  by  that  successful 
species. 

As  a  result,  in  the  White  Mountain  region  the  two  main  types  are  the 
spruce  and  hardwood  types.  In  the  former  are  included  the  upper, 
relatively  thinned-soiled  mountain  slopes,  where  spruce  is  able  to  drive 
out  other  competitors.    In  the  hardwood  type  are  included  the  lower 
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slopes^  where  the  hardwoods,  beech,  birch,  and  maple,  are  generally  most 
abundant,  although  any  one  species  of  hardwood  may  be  less  abundant 
numericaUy  and  in  volume  than  some  conifer,  such  as  spruce,  white 
pine,  or  hemlock.  In  the  southern  Appalachians,  by  reason  of  the  great 
abundance  of  species  and  the  mild  climate,  which  enables  a  large  number 
of  species  to  contend  successfully  for  occupation  of  the  ground,  the 
types  cannot  conveniently  be  designated  by  tiie  name  of  the  most  abun- 
dant species.  Therefore  topographic  designations  are  used.  The  main 
types  are  cove,  slope,  and  ridge.  Within  these  the  composition  varies 
a  great  deal,  bolt  each  type  is  a  unit  of  management.  If  found  advisa- 
ble the  same  species  can  be  grown  on  all  areas  within  the  same  type, 
since  the  climatic  and  soil  factors  are  identical. 

To  illustrate  the  use  of  subtypes  a  few  instances  may  be  given.  For 
example,  in  the  White  Mountains,  after  a  bum  within  the  spruce  type 
paper  birch,  popple, .  and  balsam  are  the  first  species  to  occupy  the 
ground.  After  about  100  years,  however,  spruce  forms  a  complete 
understory  and  takes  possession,  as  the  shorter-lived  paper  birch,  popple, 
and  balsam  die.  Such  a  condition  would  be  designated  as  a  burned  sub- 
type, or  paper  birch  subtype,  or  balsam  subtype  of  the  spruce  type.  In 
this  way  the  present  condition  of  the  stand  may  be  indicated  for  pur- 
poses of  estimating  or  management,  and  yet  at  the  same  time  the  future 
possibilities  of  the  site  are  given.  In  like  manner  a  cove  may  be  occu- 
pied at  the  present  time  by  a  mixed  stand  of  poplar,  white  oak,  etc.,  or 
by  pure  stands  of  hemlock.  Hence  we  may  have  a  poplar  subtype  or 
hemlock  subtype  of  the  cove  type.  In  this  way  the  present  stand  is  indi- 
cated, and  yet  it  is  known  that  this  type  may  be  used  either  for  the  pro- 
duction of  hemlock  or  poplar,  as  seems  best  in  the  future. 

In  addition,  the  type  classification  enables  us  to  determine  the  classes 
of  land  for  which  we  are  justified  in  paying  different  prices.  To  illus- 
trate: The  cove  type  is  many  times  more  valuable  from  the  standpoint 
of  timber  production  than  the  ridge  type,  simply  because  it  will  produce 
more  timber  in  a  given  time  and  trees  which  will  yield  lumber  of  a  bet- 
ter quality.  This  problem  of  determining  soil  values  is  one  which  is 
peculiar  to  our  work,  since  it  has  never  been  necessary  before  in  the  work 
of  the  Forest  Service  to  value  timberland  on  a  large  scale  for  its  capac- 
ity to  produce  lumber.  In  former  valuations  of  timberland  the  values 
were  based  entirely  upon  the  value  of  the  standing  timber  and  the  pos- 
sible use  of  the  land  for  grazing  or  agriculture.  It  has  been  found, 
however,  in  the  East  that  tracts  which  cannot  be  used  for  either  grazing 
or  agriculture,  and  which  have  no  merchantable  timber  on  them,  have 
a  real  commercial  value  for  timber-producing  purposes. 
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The  two  ways  in  which  the  forest  type  classification  are  used  in  the 
work  of  the  Branch  of  Acquisition  illustrate  the  two  uses  to  which  forest 
types  and  subtypes  may  be  put.  In  the  first  place,  they  may  be  used  to 
designate  the  present  composition.  In  addition^  they  find  a  growing  use 
as  a  means  of  classifying  the  permanent  climatic  and  soil  factors  which 
give  different  degrees  of  value  to  the  soil  of  different  tracts.  The  system 
of  types  and  subtypes  in  use  in  our  work  permits  of  both  temporary  and 
permanent  factors  being  given  due  consideration. 

Likewise  the  varying  conditions  in  the  East  illustrate  the  two  methods 
of  naming  forest  types.  The  members  of  the  Service  who  are  most 
thoroughly  acquainted  with  the  Socky  Mountain  region  naturally  are  in 
favor  of  naming  types  by  the  most  prominent  species.  This  does  very 
well  in  regions  where  the  climatic  and  soil  factors  are  such  that  one 
species  is  preeminently  adapted  to  a  particular  kind  of  site.  However, 
in  regions  like  the  southern  Appalachians  and  the  Northwest,  where 
the  warm  climate  and  abundant  rainfall  make  it  possible  for  a  large 
number  of  species  to  contend  successfully  for  supremacy,  the  composi- 
tion within  any  virgin  stand  is  not  a  sure  index  of  like  climatic  and  soil 
factors.  Hence  in  these  regions  a  topographic  nomenclature  seems  more 
suitable.  As  long  as  the  fundamental  principle  that  forest  types  should 
be  based  upon  what  the  site  can  be  made  to  produce  is  kept  in  view,  the 
system  of  nomenclature  used  matters  little.  The  climatic  and  soil  fac- 
tors are  the  fundamental  ones.  The  composition  is  merely  the  result  of 
these  factors. 


DEFINITION  AND  USE  OP  FOREST  TYPES 

BY  BABBINGTON  MOORE 
Delivered  "before  the  Society  January  2S,  191S 

DEFINITION 

The  first  point  to  settle  is  the  definition  of  a  forest  type.  A  forest 
tjpe  is  a  tree  society  haying  snch  differences  of  composition  from  other 
tree  societies  as  make  necessary  a  separate  study  of  its  yield.  It  is  sim- 
ilar to  the  plant  society  distinguished  by  ecologists,  only  broader.  Fur- 
thermore, in  practice  the  forester  is  often  compelled  to  map  several  tree 
societies  as  a  single  type.  This  need  not,  however,  cause  confusion  so 
long  as  he  recognizes  what  he  is  doing. 

ULTIMATE  AND  TEMPORARY  TYPES 

An  ultimate  forest  type  is  that  type  which  has  been  produced  by 
physical  factors,  chief  among  which,  so  far  as  is  known  at  present,  are 
climate,  aspect,  chemical  composition  and  physical  texture  of  the  soil 
and  moisture,  both  in  the  soil  and  atmosphere,  acting  uninterruptedly 
over  long  periods  of  time. 

Temporary  types  are  the  resultant  of  physical  factors  plus  interfer- 
ence, such  as  fire,  insects,  heavy  cutting,  or  any  other  agency  which  re- 
moves a  considerable  portion  of  the  stand.  Interference,  if  repeated  at 
regular  intervals,  such  as  clear  cutting  at  the  end  of  a  fixed  rotation, 
exerts  upon  the  stand,  as  long  as  it  is  continued,  as  much  influence  as 
any  permanent  physical  factor.  A  temporary  type  is  therefore  a  true 
forest  type. 

A  subtype  is  a  variation  within  a  type.  It  is  caused  by  minor  differ- 
ences in  the  physical  factors  which  created  the  main  type  to  which  it 
belongs.     In  practice  it  is  distinguished  only  in  intensive  work. 

PHYSICAL  FACTORS 

Physical  factors  are,  as  Mr.  Zon  says  in  his  well-known  article  on 
forest  types  in  Vol.  I,  No.  3,  of  the  Proceedings  of  the  Society  of 
American  Foresters,  the  basis  of  forest  types.  This  is  pretty  generally 
admitted.     The  important  point,  which  seems  to  have  been  overlooked, 
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is  that  physical  factors  are  the  cause  of  forest  types;  hence  cannot  be 
forest  types  in  themselves. 

'  Classifying  forest  types  according  to  physical  factors  creates  confu- 
sion for  two  reasons:  Firsts  it  is  an  attempt  to  classify  something  not 
by  a  characteristic  inherent  in  the  object  itself,  but  by  its  causes;  sec- 
ond, the  physical  factors  causing  forest  types  are  so  numerous,  so  com- 
plex, and  so  little  understood,  both  in  their  nature  and  action^  that  to 
classify  types  by  one  factor  about  which  a  little  is  known  and  ignore 
others  is  absurd  and  misleading.  This  does  not  mean  that  it  is  incon^t 
to  divide  a  forest  into  '^bottomland,  lower  slope,  upper  slope,'*  etc.,  for 
purposes  of  mapping  and  management.  But  these  divisions  are  land 
classifications^  not  forest  types.  In  District  6^  where  such  a  land 
classification  has  reached  a  high  development,  forest  types,  under  the 
name  of  a  ''cover  classification,*'  are  superimposed  upon  the  land  classi- 
ficatioji.  In  some  cases  the  reverse  may  be  desirable;  for  example,  in 
Maine  the  spruce  type  may  be  divided  into  spruce  slope,  spruce  flat,  and 
spruce  swamp. 

The  information  most  needed  in  the  management  (which  includes 
reconnaissance,  timber  sales,  silviculture,  boundaries,  and  settlement) 
of  any  given  piece  of  forest  is  that  concerning  physical  factors.  But 
these  factors  can  only  be  determined  by  years  of  research  at  experiment 
stations — ^not  by  field  observations,  however  careful.  For  the  present^ 
forest  types  furnish  us  a  valuable  index  of  these  factors.  The  Bureau 
of  Plant  Industry,  as  Mr.  Zon  brings  out  in  a  memorandum,  recognizes 
the  great  value  of  the  vegetative  cover  as  an  index  of  the  value  of  a  soil. 
Why  not  use  this  index  while  the  factors  themselves  are  being  studied, 
always,  of  course,  watching  for  any  indications  of  the  underlying  causes 
which  may  be  observed  in  the  field? 

USE  OF  FOREST  TYPES 

Forest  types  are  needed  in  boundary  and  settlement  work,  but  more 
particularly  in  silvicultural  management  or  the  production  of  timber. 
The  reason  is  that  silvicultural  management  must  be  based  upon  studies 
of  yield,  and  studies  of  yield  must  be  based  on  forest  types  distinguished 
from  each  other  by  composition,  subdivided,  if  need  be,  into  site  quali- 
ties. District  6  protests  against  the  use  of  composition  in  determining 
forest  types,  yet  you  will  notice  that  their  yield  study  is  based  on  Douglas 
fir,  not  on  '^bottomland."  The  criterion,  then,  of  a  forest  type  is 
whether  or  not  it  can  be  used  in  studies  of  yield. 

The  object  of  reconnaissance  is  to  furnish  the  information  needed  in 
silvicultural  management.    To  do  this  it  must  supply  material  to  which 
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yield  studies  can  be  applied.  Since  yield  studies  are  made  by  types, 
reconnaissance  must  divide  the  stand  into  types.  Obviously  those  made 
in  the  yield  study  must  correspond  with  those  made  on  reconnaissance. 
For  reconnaissance  work  the  points  of  distinction  between  types  must 
be  simple,  clear  cut,  and  readily  understood;  fortunately  in  most  forest 
regions  composition  satisfies  this  requirement. 

SUHMABY 

A  forest  type  is  a  tree  society  having  such  differences  of  composition 
from  other  tree  societies  as  make  necessary  a  separate  study  of  yield. 

Physical  factors  are  the  cause  of  forest  types,  but  not  forest  types 
themselves.    They  cause  confusion  when  used  in  classifying  forest  types. 

Yield  studies  are  at  the  foundation  of  forest  management,  and  must 
be  based  on  forest  types  distinguished  by  composition. 

Beconnaissance  must  furnish  material  to  which  yield  studies  can  be 
applied.  For  this  purpose  it  must  distinguish  forest  types  by  composi- 
tion, whatever  other  method  is  used  in  addition.  Fortunately  this  is, 
for  most  regions,  the  easiest  method  of  distinguishing  forest  types. 

NOTE 

Mr.  Zon,  in  his  article,  "Quality  Classes  and  Forest  Types,^^  uses  the 
term  "forest  type^  to  indicate  environment,  or  the  sum  of  all  physical 
factors;  used  in  tMs  sense,  the  "forest  type*'  becomes  synonymous  with 
site  quality. 

The  study  and  classification  of  physical  factors  has  reached  a  high 
stage  of  development  in  Europe,  particularly  in  Bussia.  Similar  work 
is  being  done  in  this  country  as  rapidly  as  opportimity  permits.  For- 
esters are  agreed  as  to  the  necessity  for  it.  The  main  point  at  issue  be- 
comes, therefore,  one  of  terminology:  Shall  we  call  the  environment  or 
physical  factors  a  "forest  type,*'  or  shall  we  apply  the  term  "forest  type" 
only  to  the  tree  growth  ?  It  is  evident  that  we  require  a  separate  term 
for  each.  Common  usage  in  this  country  has  generally  made  the  term 
"forest  type**  apply  to  the  forest  cover.  It  would,  therefore,  simplify 
matters,  I  believe,  if  some  other  term  such  as  "site**  were  recognized  as 
applying  to  physical  factors,  while  the  term  "forest  type**  is  reserved  for 
the  forest  cover. 


CLASSIFICATION  OF  FOREST  TYPES 

BY  W.  B.  GEEELEY 
Delivered  before  the  Society  January  23,  191S 

There  have  been  three  general  stages  in  the  work  of  the  Forest  Serv- 
ice^  each  inyolving  a  somewhat  different  point  of  view  in  the  classifica- 
tion of  forest  types.  The  first  was  during  the  period  when  the  National 
Forests  were  being  selected  and  their  boundaries  defined.  In  that  work 
we  were  concerned  altogether  with  forest  cover  as  distinct  from  other 
kinds  of  cover,  and  went  no  farther  than  the  amount  and  composition 
of  the  stands  which  were  actually  found  on  the  ground.  The  second 
stage  is  the  administration  of  the  National  Forests.  We  are  now  inter- 
ested in  timberlands  primarily  from  the  standpoint  of  what  they  are 
producing  and  what  they  can  be  made  to  produce  under  scientific  treat- 
ment. Our  study  and  classification  of  forests  is  for  the  purpose  of  man- 
agementy  however  specifically  it  may  be  expressed.  We  are  now  enter- 
ing a  third  stage,  which  will  be  coincident  in  time  with  the  second,  but 
which  I  have  designated  separately  because  of  the  new  problems  and 
points  of  view  which  it  involves.  This  is  the  development  in  our  work 
marked  by  intensive  studies  of  physical  factors,  soil,  climate,  water, 
topography,  and  the  rest,  for  the  purpose  of  classifying  lands  or  in  con- 
nection with  the  determination  of  yield  and  intensive  silvical  research. 
It  is  the  stage,  or  rather  phase,  of  our  work  in  which  the  physical  con- 
ditions making  up  the  site  become  of  primary  importance  in  the  study 
of  forest  lands. 

During  the  first  stage  of  the  work  of  the  Service  the  ^'cover  type*'  in 
its  simplest  terms  was  adequate.  In  its  second  stage  the  ^^cover  type" 
in  itself  is  inadequate.  We  need  rather  the  ^'management  type."  In 
the  third  phase  of  work  to  which  I  have  alluded  we  need  possibly  an 
additional  type — ^the  ^'physical  type"  or  ^and  type." 

The  bulk  of  our  work  now  and  in  the  future  is  in  the  second  of  the 
three  general  divisions  which  I  have  used.  In  this  work,  as  I  view  it, 
the  type  needed  for  the  classification  and  description  of  National  Forest 
lands  is  the  '^management  type."  The  classification  of  forested  areas 
should,  in  my  judgment,  be  attacked  from  the  standpoint  of  what  those 
areas  will  grow  best  under  scientific  administration.  In  other  words, 
our  study  and  description  of  forested  lands  should  be  in  terms  of  what 
they  will  produce. 
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The  best  index  to  production  under  management  is  the  existing  stand. 
The  possible  production  or  the  production  to  be  sought  under  the  man- 
agement of  an  area  can  be  gauged  most  accurately^  in  the  broad,  by  past 
production. 

My  fundamental  objection  to  the  use  of  physical  types  in  the  classifi- 
cation of  forest  lands  is  that  it  confuses  causes  with  effects.  The  things 
T^e  are  dealing  with  are  effects — the  grown  or  growing  stands — and  to 
my  thinking  our  classification  of  forests  should  be  based  directly  upon 
them  rather  than  upon  a  complicated  aggregate  of  underlying  causes. 
In  making  this  statement  I  do  not  disparage  the  study  of  physical  fac- 
tors^ which  is  necessary  in  investigations  of  yield  and  the  classification 
of  agricultural  lands,  and  which,  of  course,  is  involved  in  any  adequate 
consideration  of  management.  What  we  are  seeking,  however,  is  not  an 
analysis  of  all  the  factors  which  must  be  taken  into  account  by  the  silvi- 
cal  or  working  plan  expert,  but  a  simple,  clear-cut  basis  for  preliminary 
description  in  the  field. 

My  belief  in  this  matter  is  doubtless  influenced  by  practical  considera- 
tions. Out  of  190  million  acres  in  the  National  Forests  less  than  20 
million  have  been  covered  by  intensive  reconnaissance.  The  comple- 
tion of  our  reconnaissance,  which  is  fundamental  to  intensive  adminis- 
tration of  any  sort,  is  the  greatest  task  in  the  field  of  forest  classification 
now  confronting  the  Service.  Our  basis  of  classification  should  be 
adapted  to  this  work.  The  reconnaissance  must  be  done  for  from  three 
to  five  cents  an  acre;  hence  relatively  inexperienced  men  must  be  em- 
ployed upon  it.  These  men  are  not  competent  to  gauge  accurately  the 
physical  factors  making  up  a  site.  Their  classification  of  the  existing 
cover  will  be  far  more  accurate  and  uniform,  in  my  judgment,  and  will 
give  the  working-plan  expert  or  technical  administrator  who  uses  their 
data  a  much  more  reliable  basis  to  work  with. 

Our  knowledge  of  the  life  history  of  types  is  constantly  extending  and 
becoming  more  accurate.  Silvical  studies  are  gradually  revealing  the 
whole  story  of  the  replacement  of  temporary  types  by  permanent  types, 
the  effects  of  fire  and  other  accidents  upon  the  succession  of  types,  and 
the  like.  If  our  reconnaissance  crews  simply  report  accurately  the 
stands  which  they  actually  see,  without  trying  to  relate  them  to  soil, 
moisture,  and  topography,  our  knowledge  of  the  life  history  of  types  will 
enable  us  to  interpret  their  data  and  apply  it  intelligently  in  manage- 
ment. I  would,  however,  go  farther  than  this.  I  would  consider  in 
our  type  classification  not  only  what  is  now  on  the  ground,  but  what 
should  be  on  the  ground  under  management.  I  would  have  the  recon- 
naissance crews  keep  constantly  in  mind  the  forestry  which  should  be 
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practiced  on  the  lands  which  they  are  classifying  and  the  possibilities  of 
the  stand  under  scientific  handling. 

Let  US  have^  then,  a  classification  of  forest  types  based  npon  present 
cover  interpreted  where  necessary  by  the  uses  which  we  will  make  of  it 
in  management.  Let  us  leave  the  intensive  study  of  physical  factors  to 
the  working-plan  expert  or  the  silvicist. 

The  "management  type/^  in  my  judgment,  is  the  key  to  the  classifica- 
tion of  complex  stands  arising  frojn  changes  in  composition  at  different 
periods  in  the  life  history  of  the  forest.  In  the  stands  of  northern 
Idaho^  where  larch  follows  fire,  white  pine  follows  larch,  and  hemlock 
and  other  tolerant  species  follow*  white  pine,  with  every  conceivable 
gradation  and  mixture  growing  out  of  this  rotation,  I  believe  that  our 
classification  can  be  made  clear  and  simple  by  selecting  white  pine  as  our 
"management  type,''  the  species  which  first  and  last  is  the  best  index 
of  the  type  in  all  of  its  changing  compositions,  and  which  xmquestion- 
ably  we  will  utilize  chiefly  in  management.  In  such  stands  I  would 
classify  all  of  the  varying  compositions  as  the  "white  pine  type.'*  I  be- 
lieve that  similar  simplicity  can  be  secured  on  the  west  coast  by  classify- 
ing under  the  "management  type"  of  Douglas  fir  the  mixtures  and  com- 
binations due  to  the  natural  sequence  of  species  in  those  stands.  I  would 
apply  this  principle  to  any  complex  situation  where  a  temporary  type  is 
followed  by  a  permanent  type,  selecting  for  the  purposes  of  our  classifi- 
cation the  stage  in  the  natural  rotation  of  species  which,  as  far  as  we 
can  now  foresee,  will  be  the  basis  of  our  forest  management.  In  a  word, 
the  existing  cover  interpreter  by  our  knowledge  of  the  life  history  of  the 
type  and  of  what  the  land  should  produce  under  management  will,  I  be- 
lieve, furnish  the  best  basis  for  systematic  classification. 


WHAT  IS  THE  PROPER  BASIS  FOR  THE  CLASSIFICATION 

OF  FOREST  LAND  INTO  TYPES  ? 

BY  G.  A.  PEAHSON 

Contributed 

In  attempting  to  establish  a  basis  for  the  division  of  forest  land  into 
types  it  is  important  to  have  a  clear  understanding  of  what  constitutes  a 
forest  type.  We  have  become  so  accustomed  to  using  the  term  in  a  super- 
ficial sense,  as  applied  to  an  area  bearing  a  uniform  species  or  composi- 
tion of  trees,  that  we  are  prone  to  lose  sight  of  the  fundamental  elements 
of  the  forest  type.  For  certain  purposes  it  may  be  permissible  to  regard 
the  forest  type  as  merely  an  area  characterized  by  a  uniform  stand ;  but 
in  tlie  scientific  management  of  forests  such  a  conception  would  lead  to 
disastrous  results. 

The  ultimate  end  in  land  classification  in  forestry  is  the  determina- 
tion of  the  potential  producing  capacity  of  different  parts  of  the  area  in- 
volved. The  fundamental  elements  in-  the  forest  type  are,  therefore,  the 
natural  site  conditions,  of  which  the  stand  of  timber  is  but  the  effect  of 
outward  manifestation.  A  given  forest  may  be  regarded  as  the  aggre- 
gate effect  of  the  physical  conditions  obtaining  on  the  land  whereon  it 
grows.  If  the  physical  conditions  are  uniform  over  the  whole  area,  we 
may  expect  the  forest  to  be  uniform  as  to  both  composition  and  develop- 
ment, barring  the  intervention  of  outside  agencies,  such  as  the  depreda- 
tions of  fire,  disease,  injects,  and  man ;  but  any  material  change  in  these 
conditions  will  be  expressed  by  a  corresponding  change  in  the  forest. 

The  principal  factors  which  determine  the  character  of  the  forest  are 
heat,  light,  and  moisture,  which  in  turn  are  modified  by  a  number  of  in- 
direct factors,  such  as  altitude,  topography,  slope  and  aspect,  wind,  pre- 
cipitation and  atmospheric  humidity,  and  soil,  embodying  both  chemical 
and  physical  composition.  Certain  combinations  of  these  factors  will 
give  a  certain  forest  type,  while  other  combinations  will  give  a  different 
forest  type.  By  suflBciently  exhaustive  investigations  it  would  be  possible 
to  ascertain  within  a  definite  range  how  much  light,  heat,  and  precipita- 
tion, making  allowance  for  the  influence  of  secondary  factors,  are  re- 
quired to  produce  a  given  type  of  forest  on  a  given  soil. 

On  the  volcanic  soils  of  the  Coconino  National  Forest,  at  an  elevation 
of  7,000  feet  on  level  situations,  where  the  mean  annual  temperature  is 
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about  45  degrees  F.  and  the  annual  precipitation  about  24  inches,  we 
usually  have  a  forest  of  pure  yellow  pine  {Pinus  ponderosa).  But  on  a 
steep  south  slope,  where  the  sun^s  rays  are  more  effective  in  wanning  the 
soil  and  air,  and  where,  owing  to  increased  temperature  and  exposure  to 
the  dry  southwest  winds,  evaporation  is  increased,  the  yellow  pine  usually 
gives  way  to  juniper  and  pinon.  The  same  effect  is  brought  about  by  a 
decrease  in  elevation,  which  in  this  region  is  accompanied  by  a  decrease 
in  precipitation,  a  rise  in  temperature,  and  a  corresponding  rise  in  evapo- 
ration. Similarly,  on  reaching  elevations  above  8,500  feet,  particularly 
on  northern  exposures,  we  find  that  the  yellow  pine  is  being  supplanted 
by  Douglas  fir,  white  fir,  and  limber  pine.  A  record  of  climatic  factors 
on  such  a  site  would  show  an  increase  of  precipitation  to  30  inches  or 
more,  a  decrease  in  mean  annual  temperature  to  about  40  degrees  F., 
and  a  corresponding  decrease  in  evaporation.  Betuming  to  the  yellow- 
pine  type,  we  may  pass  abruptly  from  a  typical  stand  of  yellow  pine  to 
an  area  absolutely  destitute  of  tree  growth.  Perhaps  the  origin  of  some 
of  these  openings  may  be  traced  to  an  ancient  fire,  but  not  infrequently 
the  cause  is  to  be  found  in  the  natural  conditions  of  the  site.  Perhaps 
the  soil  contains  an  excess  of  salts  or  is  of  a  physical  condition  unfavor- 
able to  tree  growth.  In  places  the  soil  is  known  to  be  underlaid  by  a 
stratum  of  hardpan,  which  resists  the  penetration  of  tree  roots.  Certain 
open  areas  are  so  situated  that  they  receive  the  cold-air  drainage  from 
near-by  mountains,  with  the  result  that  frosts  destroy  seedling  growth 
and  may  effectively  resist  invasion  by  the  pine.  The  direct  cause  for  the 
occurrence  of  such  abrupt  changes  in  vegetation  is  often  difficult  to  ascer- 
tain. Sometimes  it  is  to  be  found  in  a  single  factor  and  sometimes  in  a 
combination  of  factors;  but  it  is  certain  that  a  cause  does  exist,  and  in 
most  instances  an  investigation  would  prove  this  to  be  of  natural  char- 
acter. 

Having  ascertained  the  conditions  of  soil  and  climate  requisite  for  the 
various  forest  types  in  a  region,  it  would  be  feasible  to  classify  any  new 
site,  providing  an  accurate  knowledge  of  the  soil  and  climatic  conditions 
on  that  site  were  available.  This  is  perhaps  the  most  scientific  method 
of  determining  the  producing  capacity  of  sites,  and  where  sufficient 
meteorological  records  exist  it  can  be  applied  effectively ;  but  where  ade- 
quate meteorological  records  are  not  available  it  is  impracticable  for  the 
use  of  the  forester,  excepting  in  detailed  investigations  and  in  the  cases 
where  simpler  methods  cannot  be  used.  Furthermore,  no  findings  based 
on  mathematical  data  alone  could  be  accepted  as  final  until  substantiated 
by  an  actual  demonstration  of  what  can  be  grown  on  the  site  under  con- 
sideration. 
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Another  method  is  to  correlate  species  or  plant  associations  with  the 
physical  conditions  which  produce  them.  If  certain  conditions  are  re- 
quired to  produce  a  certain  plant  association  it  is  reasonable  to  assume 
that  where  that  association  occurs  the  corresponding  conditions  exist. 
This  is  the  most  common  method  of  classifying  forest  land  into  types. 
Because  of  their  long  life-period,  forest  trees  are  especially  valuable  as 
indicators  of  site  quality.  If  an  area  has  borne  to  maturity  and  good 
development  trees  which  are  a  century  or  more  old,  this  is  the  best  evi- 
dence that  the  area  is  adapted  to  the  production  of  these  trees;  and 
knowing  the  requirements  of  the  species,  the  trained  observer  can  form  a 
close  estimate  of  the  soil  and  climatic  conditions  prevailing.  This  prin- 
ciple is  recognized  in  forestry  to  the  extent  that  forest  types  are  com- 
monly designated  by  the  names  of  the  typical  trees  occurring  on  them. 
While  this  method  appears  very  simple,  its  application  calls  for  good 
judgment  and  a  thorough  knowledge  of  forest  conditions.  Although  the 
mere  fact  that  a  species  occurs  on  a  given  site  is  an  indication  of  the 
presence  of  certain  general  physical  conditions,  a  much  more  definite 
knowledge  of  these  conditions  is  possible  from  a  study  of  the  habit  and 
development  of  the  species.  Then  there  always  arises  the  question  of 
how  far  the  presence  or  absence  of  a  species  is  determined  by  natural  or 
artificial  factors.  Fire,  disease,  insects,  and  man  are  powerful  agents  in 
changing  the  character  of  forests;  but  this  effect  is  usually  temporary, 
giving  rise  to  what  is  known  as  temporary  types. 

Ultimately  the  retention  or  elimination  of  the  great  bulk  of  the  lands 
within  our  National  Forests  will  be  decided  largely  upon  the  basis  of  their 
value  for  forestry  as  compared  with  agriculture,  and  therefore  our  classi- 
fication must  consider  the  capacity  for  producing  agricultural  crops  as 
well  as  timber.  Any  such  classification  made  at  the  present  time  will 
naturally  be  subject  to  more  or  less  revision  as  the  result  of  advance- 
ment in  both  forestry  and  agriculture,  as  well  as  changes  in  economic 
conditions;  yet  it  is  possible,  if  the  knowledge  now  available  is  fully 
utilized,  to  establish  a  broad  classification  of  permanent  value.  To  ac- 
complish this  our  land  classifier  must  be  qualified  to  judge  the  producing 
capacity  of  land  with  accuracy,  and  to  this  end  a  knowledge  of  local  con- 
ditions as  well  as  general  principles  is  necessary.  He  must  be  able,  first, 
to  estimate  the  timber-producing  capacity  of  each  site  upon  the  basis  of 
past  production  and  increased  production  possible  from  the  application 
of  advanced  forestry,  and,  secondly,  he  must  be  able  to  correlate  agri- 
cultural possibilities  with  the  occurrence  of  tree  species  and  other  forms 
of  vegetation,  supplemented  by  available  climatological  data  and  such 
soil  examinations  as  are  possible. 
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Dr.  C.  Hart  Merriam  in  his  ''Life  Zones  and  Crop  Zones  of  the  United 
States/'  Bulletin  No.  10,  Biological  Survey,  divides  the  country  into 
seven  transcontinental  belts  or  life  zones  and  much  larger  number  of 
minor  areas  or  faunas,  each  characterized  by  particular  associations  of 
animals  and  plants.  These  zones  and  minor  areas  are  found  to  corre- 
spond to  natural  crop  belts,  and  are  made  the  basis  for  an  extensive  and 
very  practical  study  to  determine  the  possible  range  of  various  agricul- 
tural crops.  By  correlating  climate  with  the  occurrence  of  typical  native 
plants  and  animals,  supplemented  by  the  available  climatological  data, 
he  has  been  able  to  construct  a  map  showing  the  distribution  of  the  dif- 
ferent life  zones,  and  also  to  indicate  for  different  regions  the  species  and 
varieties  of  agricultural  crops  which  are  likely  to  succeed  there.  It 
ought  to  be  possible  to  make  a  very  detailed  study  of  this  character  on 
each  of  our  National  Forests. 

Observations  by  the  writer  on  the  Coconino  National  Forest  in  Arizona 
serve  to  establish  the  following  general  relation  between  forest  types  and 
agricultural  possibilities.  Obviously  the  statements  here  given  apply 
only  to  land  which  by  topography  and  soil  are  suitable  for  farming,  thus 
eliminating  the  rough  and  rocky  lands  which  constitute  the  great  bulk 
of  the  timbered  types. 

Engelmann  Spruce  type  (Engelmann  spruce  and  bristle  cone  pine; 
altitudinal  range,  10,000  feet  to  timber-line). — No  agriculture  is  prac- 
tised in  this  type.  The  growing  season  is  probably  too  short  to  mature 
even  such  crops  as  wheat,  barley,  and  potatoes.  Only  a  limited  amount 
of  land  on  the  Coconino  National  Forest  falls  within  this  type,  and  all  of 
it  may  be  safely  classed  as  non-agricultural. 

Transition  type  (Douglas  fir,  white  fir,  limber  pine,  and  yellow  pine; 
altitudinal  limits,  8,500  to  10,000  feet). — A  very  limited  amount  of 
farming  is  being  carried  on  in  this  type,  owing  mainly  to  the  small  area 
of  agricultural  land  available.  The  precipitation  is  abundant,  but  the 
growing  season  is  short.  Hay  crops  and  early  varieties  of  wheat,  oats, 
barley,  and  potatoes  ought  to  mature  in  ordinary  seasons.  The  crops  at 
present  grown  are  chiefly  grain-hay  and  a  few  vegetables. 

Yellow  Pine  type  (pure  western  yellow  pine;  altitudinal  limits,  7,000 
to  8,600  feet). — Wheat,  oats,  barley,  speltz,  and  hardy  vegetables,  such 
as  potatoes,  onions,  carrots,  and  cabbage,  produce  good  crops.  Excepting 
where  irrigation  is  possible,  the  season  is  too  short  for  many  crops  be- 
cause of  the  limited  rainfall  during  May  and  June.  Timothy  and  alfalfa 
would  doubtless  succeed  under  irrigation.  Even  the  hardiest  fruits  can- 
not be  grown  excepting  in  protected  situations  in  the  extreme  lower 
limits  of  the  type. 
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Woodland  type  (junipers  and  pinon;  altitudinal  limits,  5,500  to  7,000 
feet). — ^The  growing  season  is  long  enough  to  produce  the  common 
cereals,  vegetables,  and  hardy  fruits ;  but  the  precipitation  is  too  low  for 
farming,  except  under  the  most  intensive  methods.  "Dry  fanning*^  is 
being  tried  out  and  promises  to  succeed.  A  great  variety  of  crops  could 
be  grown  imder  irrigation. 

Desert — ^This  term  is  here  used  to  cover  all  the  treeless  territory  below 
the  woodland  type.  Comparatively  small  areas  of  this  type  fall  within 
"the  forest  boundaries.  Agriculture  is  generally  not  feasible  excepting 
xmder  irrigation.  Where  the  land  can  be  irrigated  it  is  very  productive, 
and  is  adapted  to  the  common  grains,  alfalfa,  and  fruits. 

The  value  of  native  vegetation  as  a  criterion  of  the  potential  produc- 
tivity of  the  land  is  not  confined  to  trees;  shrubs,  herbs,  and  even  the 
lower  forms  of  plant  life  can  often  be  used  effectively.  Bulletin  No.  201, 
Bureau  of  Plant  Industry,  "Natural  Vegetation  as  an  Indicator  of  the 
Capabilities  of  Land  for  Crop  Production  in  the  Great  Plains  Area,^'  by 
H.  L.  Shantz,  furnished  a  good  example  of  the  possibilities  in  the  way  of 
correlating  crop-producing  qualities  with  the  occurrence  of  different  spe- 
cies and  associations  of  grasses  and  other  herbs.  Dr.  Shantz  finds,  for 
instance,  that  the  occurrence  of  the  gramma-buffalo  grass  association 
indicates  a  soil  which  though  fertile  is  too  compact  to  allow  water,  and 
consequently  plant  roots,  to  penetrate  deeply,  with  the  result  that  field 
crops  grown  on  such  lands  are  subject  to  drouth.  The  soil  of  the  bunch 
grass  association,  on  the  other  hand,  though  less  fertile  than  that  of  the 
gramma-buffalo  association,  allows  water  as  well  as  plant  roots  to  pene- 
trate deeply,  with  the  result  that  crops  grown  on  such  lands  are  capable 
of  withstanding  severe  drouth. 

The  above  conclusions  are  confirmed  by  the  writer's  personal  observa- 
tions in  Nebraska,  Kansas,  and  Oklahoma.  In  south  central  Nebraska 
it  is  an  established  fact  that  in  dry  years,  when  crops  fail  on  the  fertile 
prairie  lands,  where  buffalo  and  gramma  grasses  predominate,  good 
crops  are  raised  in  the  sand  hills  some  10  or  15  miles  to  the  north,  where 
bunch  grass  and  bluestem  are  the  predominant  grasses.  It  is  also  a 
matter  of  common  experience  among  the  farmers  in  Nebraska,  Kansas, 
and  Oklahoma  that  in  dry  years  the  patches  originally  occupied  by  blue- 
stem  grass  produce  better  crops  than  adjacent  patches  originally  occupied 
by  gramma  grass  or  buffalo  grass,  while  in  wet  years  the  relation  is  re- 
versed. 

Such  studies  as  the  one  carried  on  by  Dr.  Shantz  extended  to  our  forest 
regions  would  be  of  inestimable  value,  not  only  as  a  means  of  establishing 
a  working  knowledge  for  land  classification,  but  also  as  an  aid  in  forest 
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management.  It  is  readily  conceivable  how  investigations  of  this  char- 
acter might  explain  the  presence  or  absence  of  tree  growth  on  different 
areas  and  decide  beyond  a  doubt  whether  certain  types  of  land  should 
be  used  for  forestry  or  agriculture. 

In  answer  to  the  question  of  what  is  the  proper  basis  for  the  classifica- 
tion of  forest  lands  into  types,  the  preceding  discussion  may  be  briefly 
summarized  as  follows :  The  only  scientific  basis  for  such  a  classification 
is  that  of  potential  productiveness,  considering  both  agricultural  and 
forest  crops.  The  productive  value  may  be  ascertained  in  two  ways :  The 
first  measures  directly,  as  far  as  possible,  all  physical  factors  on  the  site 
and  gauges  the  productive  capacity  by  the  measure  in  which  the  sum  of 
these  factors  meets  the  requirements  of  various  crops.  The  second 
method  uses  characteristic  forms  of  vegetation  on  the  ground  as  an  indi- 
cator of  the  physical  conditions  present,  and  upon  this  basis  ascertains  the 
adaptability  of  the  site  for  different  crops.  The  obvious  objection  to  the 
first  method  is  the  need  of  climatological  data  and  soil  analyses  on  each 
site  to  be  classified ;  and,  owing  to  the  diversity  of  sites  in  our  forest  re- 
gions, together  with  the  almost  entire  absence  of  climatological  records 
in  many  sections,  the  collection  of  the  needed  data  would  involve  an  ex- 
pense which,  at  this  stage  of  our  advancement  in  forestry,  would  be 
almost  prohibitive.  The  second  method  requires  a  thorough  preliminary 
investigation  in  each  region  to  be  covered,  in  order  to  secure  a  working 
knowledge  for  the  actual  land  classification,  and  obviously  reliable  results 
can  only  be  obtained  by  the  employment  of  trained  men.  This  method 
is  the  simpler  and  probably  the  more  reliable  of  the  two,  and  it  is  con- 
sidered entirely  applicable  to  the  needs  of  the  forester. 
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APPLICATION  TO  DISTRICT  1 

BY    F.    H.   ROCKWELL 

Contributed 

Before  discussing  the  different  methods  of  classifying  forest  types  it 
is  necessary  to  agree  upon  definitions  for  the  kinds  of  types  under  con- 
sideration.    The  following  are  referred  to  in  this  paper: 

(1)  Temporary  type — ^a  transitional  condition,  in  which  a  forest  of  a 
temporary  character  is  established  as  a  result  of  some  disaster  which 
overwhelmed  the  original  stand,  but  which  will,  if  the  disaster  is  not 
repeated,  in  time  revert  to  the  climax  form. 

(2)  Climax  type — ^named  for  the  species  which  will  eventually  pre- 
dominate as  a  result  of  physical  factors  concerned,  provided  the  stand 
is  left  indefinitelv  undisturbed. 

(3)  Cover  type — may  be  either  temporary  or  permanent;  in  mature 
and  overmature  stands  the  name  is  based  on  the  present  composition ;  in 
immature  stands  it  is  based  on  the  probable  composition  at  maturity. 

(4)  A  fundamental  type  which,  similarly  to  the  climax  type,  is  based 
on  physical  factors  of  site,  but  named  for  the  commonly  occurring  spe- 
cies most  important  from  a  management  standpoint,  instead  of  for  the 
climax  species.     This  will  here  be  called,  for  want  of  a  better  name,  the 

physical"  type. 
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A  parallel  list  of  the  different  kinds  of  types  that  are  important  in 
District  1  can  probably  best  be  used  to  illustrate  the  distinction  between 
them: 
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•  species  largely  predominates.  Usually  the  presence  of  a  few  excellent 
specimens  of  spruce^  however^  indicates  that  it  is  the  natural  home  of 
that  species,  and  undoubtedly,  especially  in  the  region  west  of  the  Con- 
tinental Divide,  that  is  the  species  of  greatest  commercial  value  which 
can  be  grown  there.  By  this  system  of  classification,  what  is,  strictly 
speaking,  a  portion  of  the  climax  Alpine  fir  type,  which  would  usually  be 
considered  valuable  only  for  protection  purposes,  becomes  known  as  the 
Engelmann  spruce  '^physical"  type,  very  important  from  a  timber-pro- 
ducing standpoint. 

Another  illustration  of  this  principle  is  the  division  indicated  above 
of  the  Douglas  fir  climax  type  into  the  Douglas  fir  and  western  larch- 
Douglas  fir  ^'physicar'  types.  The  distribution  of  western  larch  within 
the  Douglas  fir  climax  type  is  limited  by  its  dislike  of  intense  heat  and 
severe  droughts  and  by  its  deep-soil  requirements  to  the  moister,  more 
favorable  localities  and  sites  of  the  type.  Its  southern  and  eastern  limit 
is  an  irregular  line  from  the  Nezperce  Forest  diagonally  across  the  Bit- 
terroot  and  Missoula  Forests  to  the  point  where  the  north  line  of  the 
Missoula  joins  the  Continental  Divide,  and  thence  north  along  the 
Divide  into  Glacier  Park.  There  it  crosses  the  Divide  to  the  east  slope. 
North  and  west  of  this  line  larch  shares  with  Douglas  fir  practically  all 
the  better  sites  (the  deep-soiled  northerly  slopes  and  flats)  within  the 
Douglas  fir  climax  type,  and  also  forms  an  important  component  of  the 
western  white  pine  forests.  The  more  exposed  slopes  and  shallow  soils 
of  the  Douglas  fir  type  are  characterized  by  a  total  absence  of  larch, 
although,  of  course,  there  are  all  stages  of  gradation  between  the  two  on 
intermediate  conditions  of  soil  and  aspect.  The  Douglas  fir  "physical** 
type  is  practically  identical  with  the  Douglas  fir  type  of  the  Rocky 
Mountains,  and  is  in  reality  an  extension  of  the  latter.  These  two 
"physical**  types  (or  subtypes  of  the  Douglas  fir  climax  type)  occupy 
probably  50  per  cent  of  the  forested  area  within  the  range  of  western 
larch  in  Montana,  Idaho,  and  eastern  Washington;  in  area  one  of  them 
is  probably  as  important  as  the  other;  from  the  standpoint  of  timber 
production  the  western  larch-Douglas  fir  type  is  considerably  the  more 
productive  of  the  two  and  yields  the  better  quality  of  timber.  Because 
of  these  facts,  and  because  a  recognition  of  the  two  types  as  distinct  is 
practically  equivalent  to  a  broad-soil  classification  of  the  Douglas  fir 
climax  type,  from  a  forest  management  standpoint  their  separation  is 
certainly  desirable. 

To  be  consistent  in  our  classification  of  climax  types,  the  region  known 
as  subalpine  should  be  subdivided  in  accordance  with  site  characteristics 
into  several  types,  depending  on  the  species  which  would  finally  pre- 
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Climax  type 

Ptiysleal  type 
corresponding 

Cover  types 
occurring 

Temporary  types 
occurring 

Western  yellow  pine 

Western  yellow  pine 

Western  yellow  pine 

Douglas  fir 

(a)  Douglas  fir 

Douglas  fir 
Western  yellow  pine 
Lodgepole  pine 

Western  yellow  pine 
Lodgepole  pine 

(b)  Western  larcti- 
Douglas  fir 

Lodgepole  pine 
Western  larch- 
Douglas  fir 
Douglas  fir 
Western  larch 
Western  yellow  pine 

Western  larch 
Lodgepole  pine 
Western  yellow  pine 

Ceclar-hemlock 

Western  white  pine 

Western  white  pine 
Douglas  fir 
Lowland  fir 
Western  larch 
Western  red  cedar 
Western  hemlock 
Lodgepole  pine 

Western  wtilte  pine 
Douglas  fir 
Western  larch 
Lodgepole  pine 

Possibly  lowland  fir 

Lodgepole  pine 

Lodgepole  pine 

Lodgepole  pine 

Alpine  flr 

or 
Bngelmann  spmce 

Engelmann  spruce 

Engelmann  spruce 
Lodgepole  pine 
Douglas  fir 

Lodgepole  pine 
Douglas  flr 

Alpine  fir 
Mountain  tiemlock 
Whltebark  pine 

or 
Lyall  larch 

Subalpine 

Alpine  fir 
Mountain  hemlock 
Engelmann  spruce 
Whltebark  pine 
Lyall  larch 

Occasionally 
Engelmann  spruce 
Whltebark  pine 
Lyall  larch 

The  groups  of  ''cover  types^'  and  "temporary  types'*  are  those 'which 
occur  within  the  so-called  "physical  type'*  opposite  which  they  are 
placed.  It  is  seen  that  climax  and  our  "physical**  types  are  to  a  certain 
extent  parallel^  since  physical  conditions  of  site  in  both  instances  exert 
a  controlling  influence  over  the  type.  The  "physical**  types  are  more 
convenient  to  use  than  are  the  climax  types,  however,  because  the  boun- 
daries of  the  former  may  be  drawn  arbitrarily  to  include  several  climax 
types,  or  merely  portions  of  one,  as  the  objects  of  forest  management 
may  justify.  Since  the  climax  type,  to  be  consistent,  must  be  based  on 
the  climax  species,  however,  the  type  limits  there  are  drawn  hard  and 
fast  by  nature,  and  serve  the  purpose  of  management  less  readily.  For 
example,  take  the  "physical**  Engelmann  spruce  type.  This  type  com- 
prises those  moist-protected  slopes  and  basins  at  high  altitudes  which 
naturally  grow  Engelmann  spruce  of  good  merchantable  quality.  The 
climax  species  in  most  instances  is  Alpine  fir,  and  very  frequently  this 
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*  species  largely  predominates.  Usually  the  presence  of  a  few  excellent 
specimens  of  spruce^  however^  indicates  that  it  is  the  natural  home  of 
that  species,  and  undoubtedly,  especially  in  the  region  west  of  the  Con- 
tinental Divide,  that  is  the  species  of  greatest  commercial  value  which 
can  be  grown  there.  By  this  system  of  classification,  what  is,  strictly 
speaking,  a  portion  of  the  climax  Alpine  fir  type,  which  would  usually  be 
considered  valuable  only  for  protection  purposes,  becomes  known  as  the 
Engelmann  spruce  "physical"  type,  very  important  from  a  timber-pro- 
ducing standpoint. 

Another  illustration  of  this  principle  is  the  division  indicated  above 
of  the  Douglas  fir  climax  tjrpe  into  the  Douglas  fir  and  western  larch- 
Douglas  fir  "physical**  types.  The  distribution  of  western  larch  within 
the  Douglas  fir  climax  type  is  limited  by  its  dislike  of  intense  heat  and 
severe  droughts  and  by  its  deep-soil  requirements  to  the  moister,  more 
favorable  localities  and  sites  of  the  type.  Its  southern  and  eastern  limit 
is  an  irregular  line  from  the  Nezperoe  Forest  diagonally  across  the  Bit- 
terroot  and  Missoula  Forests  to  the  point  where  the  north  line  of  the 
Missoula  joins  the  Continental  Divide,  and  thence  north  along  the 
Divide  into  Glacier  Park.  There  it  crosses  the  Divide  to  the  east  slope. 
North  and  west  of  this  line  larch  shares  with  Douglas  fir  practically  all 
the  better  sites  (the  .deep-soiled  northerly  slopes  and  flats)  within  the 
Douglas  fir  climax  type,  and  also  forms  an  important  component  of  the 
western  white  pine  forests.  The  more  exposed  slopes  and  shallow  soils 
of  the  Douglas  fir  type  are  characterized  by  a  total  absence  of  larch, 
although,  of  course,  there  are  all  stages  of  gradation  between  the  two  on 
intermediate  conditions  of  soil  and  aspect.  The  Douglas  fir  "physical** 
type  is  practically  identical  with  the  Douglas  fir  type  of  the  Rocky 
Mountains,  and  is  in  reality  an  extension  of  the  latter.  These  two 
"physical**  types  (or  subtypes  of  the  Douglas  fir  climax  type)  occupy 
probably  50  per  cent  of  the  forested  area  within  the  range  of  western 
larch  in  Montana,  Idaho,  and  eastern  Washington;  in  area  one  of  them 
is  probably  as  important  as  the  other;  from  the  standpoint  of  timber 
production  the  western  larch-Douglas  fir  type  is  considerably  the  more 
productive  of  the  two  and  yields  the  better  quality  of  timber.  Because 
of  these  facts,  and  because  a  recognition  of  the  two  types  as  distinct  is 
practically  equivalent  to  a  broad-soil  classification  of  the  Douglas  fir 
climax  type,  from  a  forest  management  standpoint  their  separation  is 
certainly  desirable. 

To  be  consistent  in  our  classification  of  climax  types,  the  region  known 
as  subalpine  should  be  subdivided  in  accordance  with  site  characteristics 
into  several  types,  depending  on  the  species  which  would  finally  pre- 
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dominate.  On  the  Kaniksu,  or  on  most  of  the  Forests  along  the  Conti- 
nental Divide^  the  climax  type  would  be  whitebark  pine  for  dry  aiteft 
and  Alpine  fir  for  moist  sites.  On  considerable  parts  of  the  Coenr 
d'Alene,  Clearwater^  and  neighboring  Forests,  it  would  be  mountain 
hemlock.  For  purposes  of  management,  however,  it  is  sufficient  to 
group  all  high  mountain  types  which  do  not  produce  timber  of  commer- 
cial value  under  the  '^physicaP'  type  name — subalpine. 

For  another  example :  In  District  1  the  site  occupied  by  western  red 
cedar,  western  larch,  and  western  white  pine  are  identical,  the  numerous 
variations  in  predominating  species  being  due  to  the  accident  of  seeding 
or  to  the  age  of  the  stand.  Because  of  the  greater  importance  of  white 
pine  from  every  standpoint,  however,  the  advisability  of  calling  the  type 
western  white  pine  instead  of  after  the  climax  species,  cedar-hemlock, 
is  patent  to  all.  Thus  it  becomes  evident  that  our  ^^physicaF^  types 
should  be  preferred  to  climax  types  as  a  basis  of  type  classification. 

The  list  of  types  given  above  shows  the  occurrence  of  a  considerable 
number  of  cover  types  in  each  of  the  "physical*'  types  except  western 
yellow  pine  and  lodgepole  pine,  the  cover  types  being  arranged  approx- 
imately in  order  of  their  importance,  those  occurring  most  widely  and 
frequently  being  placed  first.  Several  cover  types  are  there  mentioned 
which  have  not  been  included  in  the  standard  outline  of  cover  typea 
drawn  up  for  the  district,  but  which  will  nevertheless  have  to  be  in- 
cluded before  reconnaissance  is  carried  far  on  some  of  the  Forests.  This 
impossibility  of  reducing  the  system  of  cover  type  classification  to  final 
form  is  one  of  the  great  objections  against  it. 

A  glance  at  this  list  gives  the  impression  that  classification  by  cover 
types  is  more  complicated  and  involved  than  by  "physical'*  types,  since 
the  former  appear  to  occur  much  more  frequently.  For  the  more  humid 
portions  of  the  district  in  which  western  white  pine  and  western  larch- 
Douglas  fir  types  are  found  that  is  true.  For  the  Rocky  Mountain 
region  proper,  however,  whether  cover  or  "physical"  types  are  con- 
sidered, the  types  are  very  simple,  being  under  either  classification 
chiefly  lodgepole  pine  and  Douglas  fir,  with  the  subalpine,  Engelmann 
spruce,  and  western  yellow  pine  types  occurring  to  a  very  limited  ex- 
tent. By  far  the  greater  portion  of  the  region  is  covered  by  lodgepole 
pine,  the  species  occupying  not  only  its  own  type,  but,  through  the  aid  of 
fires  which  have  been  prevalent  from  time  immemorial,  also  very  large, 
if  not  the  larger,  portions  of  the  neighboring  "physical"  types,  Douglas 
fir  and  Engelmann  spruce.  Here  it  is  often  quite  difficult  to  tell  what 
the  true  "physical"  type  is,  and  classification  by  cover  types  is  the 
simpler. 


BASIS  OF  CLASSIFICATION  INTO  FOREST  TYPBS  89 

West  of  the  high  main  range  of  the  Bockies,  where  the  climate  is  more 
mild  and  relatively  humid,  the  profusion  of  species  makes  the  system 
of  classification  hy  coyer  types  exceedingly  difBcult.  While  the  cover 
types  are  controlled  somewhat,  between  very  broad  limits,  by  site  fac- 
tors, their  occurrence  is  largely  due  also  to  two  other  very  important  in- 
fluences, viz.,  accident  of  seeding  and  age  of  stand.  For  that  reason 
cover  types  only  partially  correspond  to  "physical"  types.  They  are 
smaller  in  area,  of  great  diversity  in  predominance  of  different  species, 
and  hence  often  confusing  to  identify  in  the  field.  Any  use  of  site 
characteristics  to  aid  in  classification  is  an  attempt  to  compromise 
"physical"  with  cover  types,  and  only  increases  the  confusion.  The  site 
characteristics  indicative  of  definite  "physical"  types,  however,  while 
more  or  less  local,  are  easily  worked  out  for  any  given  locality,  readily 
recognized,  and  simple  to  map.  From  the  standpoint  of  simplicity  of 
operation  in  field  work,  therefore,  in  this  region  the  use  of  the  "physical" 
type  has  everj'thing  in  its  favor  and  is  decidedly  the  more  practicable. 
Undoubtedly  the  "physical"  type  could  be  almost  as  readily  used  in  the 
Rocky  Mountain  region  also,  provided  a  close  study  of  "physical"  types 
was  made  for  the  locality,  before  beginning  the  reconnaissance  project. 

So  much  for  the  comparative  ease  of  classifying  by  "physical"  types 
and  by  cover  types.  Now  let  us  consider  the  purposes  of  type  classifica- 
tion and  the  method  which  will  give  us  the  most  useful  results. 

The  mapping  of  forest  cover  helps  to  answer  questions  chiefly  con- 
cerning the  present  rotation.  A  knowledge  of  the  stand  on  the  ground 
is  of  assistance  in  estimating  the  future  yield,  especially  if  normal  yield 
tables  are  to  be  used,  and  the  future  yield  must  be  known  before  an  in- 
telligent  limitation  of  annual  cut  can  be  established.  A  knowledge  of 
cover  conditions  is  also  useful  for  various  purposes  of  Forest  administra- 
tion, such  as  allotting  grazing  areas  to  permittees,  laying  out  trails,  and 
so  forth.  The  greatest  use  of  cover  type  maps,  however,  is  in  the  promo- 
tion of  timber  sales,  to  show  graphically  the  location  of  bodies  of  timber 
of  different  kinds. 

Although  a  knowledge  of  forest  cover  is  essential  in  the  application  of 
normal  yield  tables,  only  lodgepole  stands  are  sufficiently  pure  or  imi- 
form  over  areas  of  considerable  extent  to  enable  the  application  of  such 
intensive  data.  Even  then,  in  the  various  "physical"  types  the  yields 
are  so  different  that  a  careful  site  classification  and  a  yield  table  show- 
ing the  yield  of  many  different  sites  is  necessary.  A  "physical"  type 
map  should  answer  the  purpose  of  a  broad  site  classification.  With 
other  species  also  the  same  thing  is  true,  and  in  the  case  of  those  types 
where  variable  mixtures  are  more  common,  there  is,  with  few  exceptions. 


90  PROCBBDINGS  OF  THB  SOCIETTY  OF  AMERICAN  FOBBSTBRS 

markedly  more  difference  in  the  yield  of  the  same  species  in  different 
''physical'^  types  than  there  is  in  the  yield  of  the  different  species  or  of 
different  mixtures  within  any  one  type.  For  example^  there  is  compara- 
tively little  difference  between  the  yield  of  the  two  species^  larch  and 
Donglas  fir,  within  the  western  white  pine  type  or  within  the  larch- 
Donglas  fir  type.  The  difference  between  the  yield  of  either  one  of 
these  species  as  it  occurs  in  the  two  types  is,  however,  very  wide.  For 
the  types  in  District  1  other  than  lodgepole,  the  use  of  normal  yield 
tables  seems  to  be  quite  impracticable,  and  empirical  yield  tables  based 
on  the  average  for  ilie  entire  type  will  be  used.  It  is  evident  that  with 
the  great  difference  in  the  yield  of  a  species  in  different  "physical^*  types 
a  classification  of  '^physical"  types  rather  than  of  cover  types  is  needed. 
Where  normal  yield  tables  are  to  be  applied,  as  in  the  case  of  lodgepole, 
some  characteristic  hatching  or  symbol  to  indicate  the  cover,  if  neces- 
sary, could  be  adopted. 

A  ^'physicaP  type  map  will  not  show  in  colors  the  predominance  of 
different  kinds  of  timber.  Data  showing  the  relative  importance  of  the 
several  species  can  readily  be  secured,  however,  and  on  our  reconnais- 
sance usually  is,  being  expressed  for  mature  timber  by  the  estimates,  for 
inunature  by  the  percentage  of  species  in  mixtures.  These  data  can  be 
placed  in  figures  either  on  the  '^physicaP  type  map  or  on  the  age  class 
map,  or,  if  desired,  a  separate  map  can  be  made.  The  information  is 
not  of  permanent  value,  however ;  it  will  be  useful  only  during  the  pres- 
ent rotation,  which  will,  on  most  mature  forests,  end  during  the  next 
decade  or  two.  Data  of  permanent  value  are  furnished  by  a  ''physical'* 
typing,  however,  and  a  ''physicaF'  type  map  will  nearly  always  be  found 
of  the  greatest  general  use. 

In  addition  to  furnishing  a  better  basis  for  the  estimate  of  future  yield 
and  the  regulation  of  annual  cut,  the  knowledge  of  site  conditions  which 
a  ''physical*'  type  map  supplies  is  of  great  assistance  in  handling  all  the 
problems  of  forest  management.  After  the  types  have  been  thoroughly 
studied  we  will  know  definitely  the  range  of  climatic  conditions  in  each 
t3rpe — ^knowledge  of  great  value  in  forestation,  fire  protection,  and  land 
classification  work.  We  wDl  know  what  species  can  grow  in  each  type, 
their  rate  of  growth,  and  what  they  will  yield.  We  will  know  about  the 
behavior  of  different  species  within  the  type,  and  can  then  plan  intelli- 
gently the  management  of  cutting  operations,  methods  of  brush  disposal, 
and  other  problems  of  forest  management.  Not  until  the  "physical** 
types  are  properly  classified  and  mapped  can  these  problems  be  definitely 
worked  out. 


PHYSICAL  VERSUS   COVEB  TYPES 

BY  D.  T.  MASON 

Cowtributed 

m 

There  are  two  claflBes  of  forest  types,  each  of  which  has  found  its  advo- 
cates in  recent  discussions  in  District  1.  One  of  these  types  is  based  on 
physical  factors,  which  will  be  called  the  ''physical  type/*  The  other, 
based  on  the  forest  cover  found  on  the  area  in  question,  will  be  called  the 
''cover  type."  Unquestionably  each  type  has  its  distinct  points  of  ad- 
vantage over  the  other.  Since  it  is  considered  practicable,  however,  for 
men  mapping  in  the  field  to  show  on  their  maps  only  ome  form  of  type, 
much  argument  has  arisen  as  to  which  form  should  be  shown.  Men 
familiar  with  field  mapping  find  tiiat  where  the  species  are  few,  the  cover 
types  broad  and  distinct — as  in  the  lodgepole  region — ^the  cover  type  is 
much  the  simpler  to  map,  while  in  the  white-pine  region  of  northern 
Idaho,  where  many  different  species  are  found,  there  is  a  difference  of 
opinion  as  to  which  form  is  the  more  easily  recognized.  When  many  ad- 
ditional data  are  available,  it  will  probably  be  possible — ^and  in  most 
cases  practicable — for  highly  intelligent  men  carefully  trained  to  do  the 
work  to  use  either  system  in  any  region  in  District  1.  It  should  be  de- 
cided, then,  which  form  of  type  is  of  the  greatest  use  in  forest  adminis- 
tration, and  that  form  should  be  used  in  field  mapping. 

A  physical  type  map  is  principally  valuable  in  forest  management  to 
indicate  the  species  which  can  be  grown  most  profitably  on  a  given  area. 
It  is  useful  in  case  planting  is  to  be  done,  or  if  a  method  of  cutting  mer- 
chantable timber  is  to  be  selected  which  will  reproduce  the  proper  species. 
A  physical  type  map,  then,  shows  the  potentialities  of  the  area  mapped. 
It  need  show  nothing  with  relation  to  the  present  forest  cover,  or  even 
the  presence  or  absence  of  forest  growth.  The  cover  type  map,  on  the 
other  hand,  shows  whether  or  not  the  area  is  timbered  at  all.  It  shows 
what  kind  of  timber  is  now  present  on  the  area  and  its  age.  It  indicates 
the  nature  of  the  crop  which  will  be  harvested  during  the  present  rotation. 

The  physical  type  map,  then,  shows  what  the  land  is  capable  of  pro- 
ducing, while  the  cover  type  map  shows  what  the  land  is  producing. 
Which  of  these  maps  is  most  useful  to  the  forest  manager?  First  of  all, 
he  wants  to  know  which  portions  of  his  unit  are  actually  forested.  For 
the  forested  area  he  wants  to  know  the  location  of  the  different  impor- 
tant timber  species  and  whether  the  stand  is  of  an  age  to  render  it  suit- 
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able  for  cutting  for  various  purposes.  For  each  cover  type  he  wants  to 
know  the  age  classes  to  determine  where  the  over-mature  timber  in  need 
of  cutting  is  located ;  where  the  mature  timber  is  to  be  found ;  where  the 
immature  timber  in  need  of  improvement  thinning.  In  the  lodgepole 
region,  for  instance,  he  wants  to  know  where  mature  lodgepole  can  be 
found  for  mining  stuUs;  where  middle-aged  lodgepole  for  converting 
poles;  where  dense  young  lodgepole  in  need  of  thinning  for  lagging 
poles;  where  Engelmann  spruce  can  be  found  for  ftume  lumber;  where 
Douglas  fir  can  be  found  for  railway  ties,  saw-timber,  etc.  For  purposes 
of  regulation  he  also  needs  to  know  the  percentage  of  the  total  area  of 
each  cover  type  at  present  in  different  age  classes.  These  questions  of 
primary  importance  in  connection  with  the  present  rotation  can  be 
answered  only  by  a  map  showing  the  cover  types. 

Some  have  proposed  to  include  much  of  this  information  in  physical 
type  maps.  Such  action  would  simply  result  in  a  confusing  hybrid.  It 
is  absurd  to  show  an  age  class  on  a  physical  type  map,  for  the  combina- 
tion of  physical  factors  which  such  a  map  aims  to  show  are  not  in  the 
least  affected  by  the  age  of  the  cover,  if  indeed  there  be  any  cover.  It  is 
only  the  cover  which  can  have  an  age  class  which — ^if  it  is  to  be  shown 
at  all — ^should  be  shown  on  a  cover  type  map.  Frequently  the  cover 
actually  found  in  a  given  physical  type  does  not  belong  to  that  type. 
For  example,  where  pure  lodgepole  pine  occurs — ^as  it  very  frequently 
does — on  an  area  which  the  physical  factors  show  to  belong  to  the  Doug- 
las fir  physical  type,  and  the  area  is  mapped  as  the  Douglas  fir  physical 
type,  it  is  ridiculous  and  misleading  to  ascribe  to  it  the  age  of  the  exist- 
ing lodgepole  stand,  for  the  age  is  a  function  of  the  lodgepole  pine 
actually  present,  and  is  in  no  way  connected  with  the  Douglas  fir,  which 
nature,  unaffected  by  fire,  cutting,  or  other  accident,  would  produce  on 
the  area. 

If  the  cover  type  is  important  in  connection  with  the  present  rotation, 
the  physical  type  is  important  with  relation  to  the  next  rotation.  The 
physical  type  map  indicates  the  species  which  may  best  be  grown  upon  a 
particular  area.  This,  however,  is  a  matter  of  comparatively  secondary 
importance  in  forest  administration.  Furthermore,  questions  as  to 
proper  species  for  planting  and  suitable  methods  of  cutting  are  now 
solved  by  special  studies  rather  than  in  the  course  of  the  work  of  the 
general  reconnaissance  crew.  For  instance,  before  cutting  is  undertaken 
on  a  large  timber  sale  it  is  customary  to  mark  sample  areas,  to  draw  up 
special  marking  rules,  and  where  necessary  to  make  a  detailed  marking 
map,  the  work  being  done  by  men  especially  qualified  for  it. 
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Such  work  is  far  too  intensive  to  be  handled  by  reconnaissance  men 
working  under  present  methods.  Furthermore,  it  is  work  for  which  such 
men  are  usually  unqualified.  Similarly,  before  planting  operations  on  a 
large  scale  are  undertaken,  a  special  study  is  made  of  the  denuded  areas 
available  for  planting  work.  If  these  special  studies  are  to  be  continued 
as  a  preliminary  to  the  regeneration  of  a  given  area,  either  by  a  special 
method  of  cutting  or  by  artificial  forestation,  the  principal  objects  of  a 
physical  type  map  will  be  attained  without  any  work  on  the  part  of  the 
reconnaissance  crew. 

Physical  type  maps  are  doubtless  of  great  silvieal  and  ecological  inter- 
est, but  cover  type  maps  are  morfr  valuable  at  present  to  th»  men?  who  are 
managing  forests  in  a  practical  way. 


PHYSICAL  FACTORS  AS  A  BASIS  FOB  DETERMINING 

FOREST  TYPES 

BY   0.   B.   TILL0T80N 
Contributed 

Aggregations  of  plants  of  one  or  more  species  which  grow  on  an  area 
are  termed  plant  formations  or  societies.  These  formations  may  be 
either  temporary  or  permanent  in  character,  the  basis  for  such  designa- 
tion of  course  being  determined  by  whether  they  occnpy  the  area  only 
for  relatively  short  periods  or  for  indefinitely  long  periods. 

All  areas  in  their  beginning  have  been  nndonbtedly  for  a  long  period 
of  years  clothed  with  temporary  formations  of  vegetation  following  one 
another  in  more  or  less  rapid  succession.  These  successions  of  different 
species  and  forms  of  plant  life  may  be  attributed  to  a  number  of  causes. 
Important  among  these  may  be  cited  that  of  the  changes  in  the  habitat 
itself,  largely  in  the  character  of  its  soil,  which  has  been  brought  about 
through  the  influence  of  the  preceding  plant  formations  themselves. 
These  new  conditions  permit  or  rather  result  in  the  invasion  of  species 
more  suited  to  the  changed  habitat  than  those  previously  occupying  it. 
Finally,  however,  it  can  be  expected  that  one  or  more  forms  of  vegetation 
of  definite  species  will  occupy  the  area  and  find  it  so  exactly  suited  to 
their  growth,  development,  and  reproduction  that  they  will  be  able  to 
resist  successfully  all  attempts  at  invasion  by  other  species  and  will, 
barring  unnatural  changes  in  the  habitat,  retain  their  dominance  in  the 
formation  indefinitely.  In  other  words,  a  condition  of  stability  in  re- 
spect to  the  dominant  vegetation  on  the  area  will  have  been  reached 
which  is  the  true  criterion  of  a  permanent  formation.  This  is  true  not 
only  of  herbaceous  growth,  such  as  grasses  and  the  annual  and  biennial 
small  flowering  plants,  but  also  of  woody  growth  such  as  bushes  and 
forest  trees. 

To  formations  of  forest  trees  the  term  type  is  generally  applied,  the 
predominating  tree  or  trees  in  the  stand  in  each  case  ordinarily  desig- 
nating the  type,  thus:  Engelmann  spruce  type,  lodgepole  pine  type, 
Alpine  fir  type,  yellow  pine-sugar  pine  type,  etc. 

Were  all  stands  of  forest  trees  growing  imder  natural  conditions  which 
had  been  undisturbed  by  such  agencies  as  fire,  man,  fioods,  or  avalanches 
for  a  period  amounting  to  that  of  a  number  of  life  cycles  of  the  domi- 
nant species,  it  is  quite  possible  that  the  types  could  be  wisely  and  ap- 
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propriately  designated  by  the  use  of  the  dominant  species  composing 
them,  provided  the  differences  within  each  so  designated  type  itself  doe 
to  climatic  or  other  causes  were  in  some  manner  indicated. 

To  any  one  familiar  with  species  of  trees  that  enjoy  a  wide  range  either 
latitudinally  or  longitudinally,  or  both,  such  as  Douglas  fir,  western 
yellow  pine,  or  Engelmann  spruce,  it  is  strikingly  evident  that  the  dis- 
tinctive qualities  of  by  far  ihe  greater  proportion  of  forest  types  are 
largely  regional.  Thus,  in  speaking  of  the  Douglas  fir  type,  for  in- 
stance, it  is  necessary  before  it  can  be  clearly  visualized  to  know  first 
whether  the  type  in  question  is  that  of  the  Pacific  coast  or  of  the  Bocky 
Mountain  regions;  and  further,  if  in  the  Bockyi  Mountain  region, 
whether  it  is  that  of  northern  Idaho  or  of  Colorado;  and,  second, 
whether  the  type  is  that  of  the  north  or  south,  east  or  west  slope.  Like- 
wise, in  speaking  of  the  western  yellow  pine  type,  it  would  be  necessary 
to  state  whether  the  type  in  question  were,  for  instance,  that  of  the  east 
side  of  the  Cascade  Mountains  or  that  of  Arizona.  Instances  of  this 
kind  might  be  quoted  extensively,  but  these  will  suffice  to  point  out  the 
idea.  Stands  even  of  the  same  species  growing  under  quite  widely  dif- 
ferent conditions  will  vary  fully  as  much,  and  often  more,  than  those 
of  two  different  species  growing  under  nearly  similar  conditions. 

The  factors  considered  most  important  by  ecologists  in  the  determina- 
tion of  the  distribution  and  character  of  plant  formations,  or  in  the  case 
of  forest  trees  of  forest  types,  are  climatic,  and  may  be  briefly  touched 
upon  here.     They  are  heat  and  moisture. 

To  quote  disjointedly  from  Warming^s  "(Ecology  of  Plants,*'  the  fol- 
lowing statements  are  rather  pertinent: 

"Heat  is  to  a  far  higher  degree  than  is  light  an  ecological  and  geo- 
graphical factor  not  only  in  general  but  also  in  detail. 

"Each  of  the  various  vital  phenomena  of  plant  life  takes  place  only 
within  definite  (maximum  and  minimum)  limits  of  temperature,  and 
most  actively  at  a  certain  (optimum)  temperature. 

'The  upper  and  lower  critical  temperatures  vary  greatly  in  different 
species. 

"To  species  both  in  respect  of  their  conditions  of  life  and  their  distri- 
bution, it  is  by  no  means  without  import  which  of  the  efficient  tempera- 
tures (those  between  the  maximum  and  minimum)  prevail.  The  life  of 
the  individual  is  influenced  not  only  by  the  height  of  the  temperatures 
to  which  it  is  exposed,  but  also  by  the  amount  of  efficient  heat  received 
or  the  duration  of  efficient  temperatures.  Annual  mean  temperatures 
are  devoid  of  significance  to  plant  life.  Only  the  season  during  which 
useful  temperatures  prevail  is  of  import.  Thus,  in  northern  Siberia, 
where  the  mean  annual  temperature  is  below  — 15°  C,  forests  occur,  yet 
on  Kerguelen  Island,  where  the  mean  temperature  even  of  the  coldest 
month  is  above  freezing  point,  the  vegetation  is  arctic. 
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"The  temperature  and  length  of  the  vegetative  season  affect  the  physi- 
ognomy of  the  individual  plant  and  of  the  whole  vegetation. 

"The  distribution  and  habitats  of  species  in  their  main  features  (vege- 
tative zones  of  the  earth,  vegetative  regions  of  mountains)  are  deter- 
mined by  heat.  In  terrestial  species  of  wide  geographical  distribution, 
the  difference  between  the  maximum  and  minimum  temperatures  is  as  a 
rule  especially  wide  (this  is  not  true  of  aquatic  species).  But  above  all, 
heat  exerts  an  influence  upon  the  habitat,  economy,  and  struggles  of 
plant  communities.** 

Professor  Mayr,  in  his  "Fundamental  Principles  of  Silviculture,'' 
makes  the  statement  that  to  similar  temperatures  throughout  the  north- 
ern hemisphere  similar  species  correspond. 

To  quote  further  from  Wanning: 

"The  ecological  importance  of  water  to  the  plant  is  fundamental  and 
almost  surpasses  that  of  light  or  heat. 

"It  is  not  surprising  that  no  other  influence  impresses  its  mark  to  such 
a  degree  upon  the  internal  and  external  structures  of  the  plant  as  does 
the  amount  of  water  present  in  the  air  and  soil  (or  medium),  and  that 
no  other  influence  calls  forth  such  great  and  striking  differences  in  the 
vegetation  as  do  differences  in  the  supply  of  water. 

^A  moist  climate  lengthens  the  life  of  individuals  and  of  leaves. 
The  geographical  significance  of  water  is  still  greater  than  that  of 
heat  because  its  distribution  is  still  more  uneven ;  this  is  true  not  only  in 
the  main  but  also  and  especially  in  details.    Water  is  of  all  factors  the 
most  pregnant  in  relation  to  kind  and  distribution  of  plant  communities. 

"The  relation  between  rainfall  and  the  amount  of  water  needed  by  the 
plant  is  of  great  import  in  regard  to  differences  in  the  vegetation.  Upon 
this  depends  the  development  of  equatorial  forest  zones,  where  the  rain- 
fall is  very  great,  of  desert  zones  near  the  two  tropics,  where  the  rainfall 
is  very  scanty,  and  finally  of  the  great  temperate  forest  zones.  The  rain- 
fall and  its  distribution  during  the  seasons  determine  the  great  regional 
distribution  of  types  of  vegetation,  while  differences  in  the  water  capacity 
of  the  various  kinds  of  soil  and  the  various  conditions  controlling  the 
course  of  water  above  ground  determine  the  finer  topographical  shades 
of  distinction. 

"With  tlie  same  rainfall,  there  is  a  very  great  difference  accordingly 
as  the  rain  falls  uniformly  throughout  a  long  period  or  falls  for  only  a 
very  short  time  in  the  form  of  heavy  storms :  the  number  of  rainy  days 
is,  in  so  far,  therefore  of  greater  import  than  is  the  amount  of  rain.*' 

There  are  some  other  factors  which  are  known  to  influence  local  or 
geographic  distribution  of  species  as  well  as  their  habits  of  growth,  such 
as  humidity  of  the  air  and  soil  composition.  Chestnut,  for  instance,  is 
said  to  avoid  limestone  soils,  while  the  eastern  red  cedar  finds  such  soils 
especially  suited  for  its  development.  White  pine  in  Ohio  grows  well  on 
soils  of  granitic  or  sandstone  formation,  but  only  poorly  on  those  derived 
from  limestone.     Professor  Mayr  claims  that  atmospheric  humidity  ap- 
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parently  favors  the  formation  of  better  and  straighter  boles  in  the  pines 
and  in  all  other  species  as  well  {e.  g.,  the  increase  of  the  straightness  of 
the  bole  of  pine  from  southwestern  Gennany  to  eastern  Prussia  and 
western  Russia) .  It  is,  of  course,  also  well  known  that  wind  may  exert 
a  considerable  influence  upon  the  habit  of  tree  growth. 

The  influence  of  heat  and  moisture  (particularly  available  soil  mois- 
ture), however,  are  by  far  the  most  important  factors  which  determine 
differences  in  plant  growth  and  plant  formations  or  more  specifically  to 
tree  growth  and  tree  formations.  Except  as  they  influence  these  two 
factors,  topographic  features  are  of  no  import. 

The  interrelation  between  heat  and  moisture  is  so  close  that  it  is  some- 
what difficult  to  separate  the  influence  of  the  two,  but  because,  as  previ- 
ously stated,  the  upper  and  lower  critical  temperatures  vary  greatly  in 
different  species  it  is  safe  to  state  that  in  the  United  States,  where  tem- 
perature conditions  at  the  same  altitudes  are  influenced  in  the  main  by 
differences  in  latitude,  the  latitudinal  distribution  of  species  is  deter- 
mined by  temperature.  Thus  the  northern  limit  of  southern  longleaf 
pine  and  the  southern  limit  of  white  spruce  are  determined  by  the  tem- 
perature condition  prevailing  at  those  limits.  The  influence  of  tem- 
perature on  distribution  is  even  so  well  recognized  that  the  converse  is 
also  held  to  be  true,  that  the  temperature  of  a  region  is  clearly  manifested 
by  the  character  of  its  flora.  Thus  the  unearthing  by  paleobotanists  of 
petrified  remains  of  magnolias,  liriodendrons,  and  sassafras  in  a  section 
of  Amethyst  Mountain  in  Yellowstone  Park  gives  eloquent  support  to  the 
other  proofs  of  former  different  climatic  conditions  in  that  region. 

Within  these  latitudinal  or  temperature  limits  the  distribution  of 
species,  as  well  as  their  habits  of  growth,  are  determined  by  moisture 
conditions,  principally  soil  moisture.  Compare  the  open  stands  of  much- 
branched  Douglas  fir  in  the  central  Eocky  Mountain  region  on  the  dry 
south  slopes  with  that  of  the  denser  stands  of  much  more  clear-boled 
trees  of  the  same  species  on  the  moist  north  slopes ;  also  note  the  man- 
ner in  which  blue  spruce  follows  the  moist  stream-courses,  while  further 
removed  from  the  streams  the  Douglas  fir  occupies  the  area.  The  man- 
grove of  the  Florida  coast,  the  cypress  and  gum  of  the  swamps,  still 
further  illustrate  the  influence  of  moisture  on  distribution,  in  the  case 
of  the  gum  and  cypress  their  occupation  of  the  areas  being  due  to  the 
over-abundance  of  moisture  preventing  the  growth  of  other  species  rather 
than  to  there  being  any  actual  necessity  on  the  part  of  the  gum  and  cy- 
press for  such  a  supply  of  moisture. 

The  water  content  of  the  soil  at  a  critical  period  may  determine  the 
range  of  a  species.    Thus  it  is  now  contended  and  supported  by  Weather 
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Bureau  records  that  the  distribution  of  western  yellow  pine  in  Colorado 
is  determined  by  the  amount  of  snowfall  during  the  winter  months.* 

All  of  the  forgoing  simply  emphasizes  the  importance  of  the  physical 
factors  of  climate  in  their  relation  to  the  distribution  and  character  of 
plant  formations  in  general  and  to  formations  of  forest  trees  in  particu- 
lar, and  points  out  the  absolute  necessity  of  the  associating  of  forest 
types  with  climatic  zones.  While  in  the  paper  entitled  "Forest  Types  " 
by  Mr.  Zon,f  the  influence  of  climatic  factors  was  discussed  at  some 
lengthy  still,  through  its  being  omitted  from  his  definition  of  forest  types 
in  that  paper,  it  was  not  given  its  proper  significance.  This  definition 
should,  therefore,  it  seems,  be  slightly  amended  to  read  as  follows:  "A 
natural  forest  type  is  an  aggregation  of  stands  in  the  same  dimatic  zone 
which  may  differ  from  each  other  in  age,  density,  and  other  secondary 
features,  but  have  the  same  physical  conditions  of  situation,  like  soil 
topography  and  exposure.'^  This  definition  will  necenarily  preclude  to 
a  large  extent  the  former  practice  of  defining  the  types  by  species  imless 
some  means  of  correlating  them  with  regions,  and  also  designating  them 
as  permanent  or  temporary,  are  adopted. 

The  importance  silviculturally  of  recognizing  permanent  forest  types 
has  been  pointed  out  by  Mr.  Zon  in  its  relations  to  the  preparations  of 
permanent  working  plans,  and  it  is,  of  course,  important  to  the  Forest 
Service  at  present  to  a  certain  extent,  even  before  the  preparation  of 
such  complete  working  plans,  in  determining  systems  of  marking  in 
timber  sales  on  the  National  Forests.  That  strict  regard  is  or  always 
should  be  given  to  securing  the  ultimate  type  in  a  region  is  open  to  some 
question.  Is  lodgepole  pine,  for  instance,  the  ultimate  type  in  the 
region  where  it  forms  practically  pure  stands  over  large  areas,  or  is  it 
simply  a  temporary  type  which,  in  the  natural  course  of  time,  will  be 
supplanted  by  Douglas  fir  at  the  lower  elevations  and  by  Ef^gelmann 
spruce  at  the  upper?  If  it  is  not  the  ultimate  type,  is  it  not  even  so, 
because  of  the  facility  with  which  it  reproduces  itself  abundantly  and 
its  eminent  adaptability  for  certain  uses,  the  best  species  to  maintain 
through  silvicultural  management  on  the  ar^as  where  it  is  now  growing 
BO  well  ? 

Similarly  is  the  Douglas  fir  the  ultimate  type  on  the  good  soils  at  the 
lower  elevations  in  the  Cascade  Mountains  where  it  occurs,  usually  the 
preponderant  species  at  present,  in  mixture  with  the  western  hemlock, 
western  red  cedar,  grand  fir,  and  to  some  extent  amabilis  fir?  Or  is  it 
predominant  at  present  because  of  forest  fires  in  the  past  and  its  ^vell- 
imown  ability  to  stock  and  grow  vigorously  on  burned-over  areas?     All 
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of  its  foregoing  associates  exceed  it  in  tolerance,  have  greater  ability  to 
reproduce  under  dense  shade,  and  it  seems  therefore  that  they  would, 
under  natural  conditions,  ultimately  be  predominant  in  the  permanent 
forest  types  in  such  locations  of  this  region.  Because  of  its  rapidity  of 
growth,  par  excellence  as  a  forest  tree,  and  greater  value  for  lumber 
than  any  of  the  other  species  mentioned,  with  the  exception  in  the  last 
respect  of  western  red  cedar,  it  will  hardly  be  contended  that  it  is  not 
the  most  desirable  tree  to  perpetuate  on  such  areas,  even  if  it  would  not 
naturally  occupy  them,  barring  such  unnatural  conditions  as  forest  fires 
or  the  interference  of  man.  The  Forest  Service,  in  fact,  has  recognized 
for  some  time  that  the  Douglas  fir  is  the  most  desirable  species  for  such 
■areas,  and  has  created,  through  surface-burning  of  the  slashings,  un- 
natural conditions  which  are  more  favorable  to  Douglas  fir  reproduction 
than  that  of  its  associates  mentioned. 

Ordinarily  it  is  undoubtedly  true  that  better  success  will  attend  silvi- 
cultural  operations  if  due  regard  be  given  to  the  establishment  and  main- 
ienance  of  the  permanent  forest  types.  It  therefore  becomes  important 
to  learn  to  distinguish  and  to  classify  them.  It  seems  that  this  will 
necessitate  the  division  of  a  country  into  rather  large  areas,  over  which 
the  same  general  conditions  of  temperature  prevail  at  similar  altitudes, 
these  units  to  be  subdivided  into  smaller  areas,  where  similar  conditions 
of  precipitation  both  as  to  amount  and  distribution  exist,  and  these  still 
further  into  smaller  units,  where  differences  in  exposure,  topography,  or 
soil  exist.  On  similar  areas  of  this  last  division  the  ultimate  forest 
growth  may  be  expected  to  be  the  same,  both  in  composition  and  in  char- 
acter, and  it  makes  little  difference  in  speaking  of  the  permanent  types 
w^hether  they  are  called,  for  instance,  the  north-slope  type  and  the  south- 
slope  type,  or  the  north  slope  Douglas  fir  type  and  the  south  slope  Doug- 
las fir  type,  providing  the  character  of  the  growth  in  the  region  under 
discussion  is  known.  The  physical  factors  of  the  habitat  will  determine 
Ihe  type,  and  if  these  are  known  the  character  of  the  ultimate  growth 
will  be  known  by  one  familiar  with  the  region.  To  one  not  familiar  with 
the  region  any  designation  of  types  will  in  any  case  necessitate  a  descrip- 
tion of  them. 

Where  unnatural  conditions  have  given  rise  to  changes  in  the  composi- 
tion and  character  of  forest  growth,  the  ultimate  nature  of  the  type  may 
he  obscured  and  its  determination  may  be  facilitated  by  a  study  of  the 
vegetation  of  the  forest  floor.  Short-lived  herbaceous  and  wood  plants 
respond  more  rapidly  to  changes  in  habitat  than  do  longer-lived  species, 
such  as  trees,  and  a  study  of  the  former,  the  ultimate  type  of  which  may 
come  in  on  an  area  and  establish  itself  a  considerable  time  before  the 
ultimate  type  of  forest  prevails,  will  enable  the  prediction  of  the  latter. 
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There  is  often  a  tendency  to  consider  quality  classes  and  forest  types 
synonymous.  Whether  quality  classes  will  coincide  with  forest  types  or 
not  depends  on  what  is  understood  by  forest  type.  If  by  forest  type  is 
meant  only  cover  type,  then  quality  classes  must  be  a  subdivision  of  the 
forest  type,  neither  of  which  can  be  considered  a  safe  guide  for  determin- 
ing the  productive  capacity  of  the  soil.  If,  however,  by  forest  type  is 
meant  a  silvicultural  unit  which  has  similar  physical  conditions  of  growth, 
then  quality  classes  will  naturally  merge  with  forest  types.  In  this  paper 
the  forest  type  is  always  taken  in  the  latter  sense.  In  central  Europe^ 
where  forest  management  is  confined  to  a  few  species  and  where  the  for- 
ests,  like  agricultural  crops,  are  being  grown  over  large  areas,  which  in- 
clude a  variety  of  soils,  the  character  of  growth  of  the  timber  is  the  only 
expression  of  the  productive  capacity  of  the  soils.  In  virgin  forests,  how- 
ever, any  difference  in  the  physical  factors  affecting  growth  will  express 
itself,  not  only  in  the  character  of  the  growth,  but  also  in  a  different 
composition  of  the  stand  or  undergrowth. 

The  average  height  of  the  timber  is  usually  considered  the  measure  of 
the  site ;  the  greater  the  average  height  of  the  stand  of  the  same  species 
the  better  is  supposed  to  be  the  site  or  quality  class.  There  are  many  in- 
stances of  stands  of  the  same  species  which,  if  classified  in  accordance 
with  the  average  height,  would  be  grouped  in  one  quality  class,  yet  form 
different  types.  Throughout  the  Medicine  Bow  region  there  are  lodge- 
pole-pine  stands  which  unmistakably  have  arisen  by  crowding  out  the 
original  stands  of  Douglas  fir  by  the  aid  of  repeated  fires.  In  these  lodge- 
pole-pine  stands  there  may  be  distinguished  several  site  classes  which 
correspond  to  similar  site  classes  in  the  lodgepole-pine  stands  that  occupy 
land  which  has  always  been  occupied  by  this  species.  If  lodgepole  pine 
in  the  entire  region  was  classified,  therefore,  according  to  the  average 
height  of  the  stands  or  site  classes,  into  the  same  site  class,  there  would 
be  thrown  together  lodgepole-pine  stands  which  grow  on  Douglas-fir  situ- 
ations and  lodgepole-pine  stands  which  grow  on  lodgepole-pine  situations; 
in  other  words,  stands  belonging  to  different  types.  Such  a  classification 
for  the  immediate  needs  of  reconnaissance  or  timber  sales  may  be  entirely 
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satisfactory.  For  the  purpose  of  future  management,  however,  the  classi- 
fication by  the  average  height  of  the  stand,  irrespective  of  the  forest  type 
to  which  the  stand  may  belong,  will  undoubtedly  prove  misleading.  The 
management  of  the  lodgepole  pine  growing  on  Douglas-fir  situations  must 
naturally  be  different  from  the  management  of  lodgepole  pine  on  lodge- 
pole-pine  situations.  In  the  one  case  the  aim  should  be  to  encourage  the 
natural  tendency  of  the  Douglas  fir  to  come  in  as  natural  reproduction, 
while  in  the  other  case  such  encouragement  would  be  largely  futile  as  it 
would  be  contrary  to  nature,  because  such  stands  can  be  managed  only 
as  pure  lodgepole-pine  stands.  Instances  of  this  kind  are  plentiful 
throughout  the  West  and  more  so  in  the  East. 

Every  classification  is  good  as  far  as  it  serves  the  purpose  for  which  it 
is  made.  If  the  aim  is  to  secure  an  inventory  of  the  standing  timber,  its 
composition,  amount,  and  quality,  it  is  evident  that  the  basis  for  such 
broad  classification  must  be  the  presence  on  the  ground  of  commercial 
species — i.  e,,  composition  of  the  stand — and  for  further  subdivision  the 
quality  of  the  timber.  If,  however,  the  aim  is  to  secure  a  natural  classi- 
fication as  a  basis  for  management,  it  must  provide  for  such  silvicultural 
divisions,  units,  or  types  as  require  distinct  silvicultural  treatment.  Such 
silvicultural  units  are  determined,  not  by  the  composition  of  the  stand, 
not  by  the  average  height  of  the  stand,  but  by  the  physical  conditions  of 
growth,  such  as  climate,  soil,  drainage,  and  topography.  Stands  having 
the  same  physical  conditions  of  growth  will  by  necessity  dictate  eventually 
the  same  silvicultural  treatment,  irrespective  of  what  the  present  compo- 
sition or  the  average  height  of  the  stand  may  be. 

Furthermore,  site  classes  based  on  the  average  height  of  the  trees  are 
closely  connected  with  the  development  of  the  stand  from  the  very  begin- 
ning. Two  stands  which  on  the  basis  of  the  average  height  of  the  trees 
must  be  considered  as  two  distinct  site  classes,  in  reality  would  form  one 
site  class  if  the  development  was  the  same.  One  of  the  stands  might  have 
been  burned  over  when  young,  or  heavily  grazed  or  overstocked  or  met 
with  some  other  interference,  while  the  other  stand  has  had  a  more  nor- 
mal development,  and  therefore  at  maturity  produced  a  better  quality  of 
timber,  yet  the  physical  conditions  of  growth  are  the  same  in  both  cases. 
To  accept  in  such  cases  site  classes  and  forest  types  as  identical  would  be 
evidently  misleading,  as  the  former  merely  show  what  there  is  at  present 
on  the  ground  and  not  the  productive  capacity  of  the  soil. 

For  these  reasons  one  is  forced  to  the  following  conclusions : 

1.  The  division  of  a  forest  into  stands  having  different  average  heights 
or  site  classes  is  perfectly  justifiable  as  long  as  the  end  sought  is  purely 
an  economic  one. 
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2.  An  attempt,  however,  to  use  such  site  classes  for  forest  types  as  an 
expression  of  the  physical  conditions  of  growth  must  necessarily  lead  to 

confusion. 

3.  Site  classes  based  on  the  arerage  height  of  the  stand  cannot  always 
represent  physical  conditions  of  growth,  as  the  same  site  classes  may  be 
found  in  stands  which  have  entirely  different  physical  conditions  of 
growth ;  in  other  words,  belong  to  two  distinct  forest  types.  Site  class, 
therefore,  while  it  indicates  the  actual  character  of  the  timber  found  on 
the  ground,  is  not  a  silvicultural  unit  which  can  be  used  in  management. 

4.  The  average  height  of  the  stand  or  site  class  may  be  the  result  of 
the  interference  of  man,  fire,  animals,  etc.,  and  for  this  reason  cannot 
always  be  taken  as  the  true  measure  of  the  productive  capacity  of  the  soil, 
even  within  the  same  type. 

5.  The  classification  of  stands  on  the  basis  of  their  average  height  is 
still  further  deceptive,  because  it  does  not  take  into  account  the  taper  or 
the  soundness  of  the  timber,  two  qualities  closely  connected  with  the 
physical  conditions  of  growth  of  the  stand. 

6.  The  use  of  quality  classes  alone  as  indicators  of  the  physical  condi- 
tions of  growth  is  as  misleading  as  to  use  the  composition  of  the  stand  for 
defining  forest  types.  Both  at  best  show  only  the  actual  condition  of  the 
stand,  but  are  entirely  mute  as  to  the  physical  factors  that  are  the  cause 
of  it. 

7.  Since  there  are  no  characteristics  within  the  stands  themselves 
which  could  be  used  as  unmistakable  guides  for  dividing  the  forest  into 
homogeneous  silvicultural  units  and  for  acquiring  exact  knowledge  of 
their  silvical  requirements,  one  must  necessarily  seek  such  characteristics 
outside  of  the  stands. 

8.  Such  guides  are  found  in  the  external  environment,  with  its  climatic 
and  soil  peculiarities.  These  alone  determine  the  composition  and  com- 
bination  of  the  species  as  well  as  the  silvical  requirements  of  the  stand. 

9.  It  does  not  make  any  difference  whether  the  name  of  the  forest  type 
is  derived  from  the  distinctive  commercial  species  or  topography,  pro- 
vided that  in  differentiating  the  forest  into  types  the  physical  conditions 
of  growth,  which  are  the  fundamental  and  primary  causes  of  the  real 
differences  in  the  stands,  are  taken  as  the  basis. 

10.  If  forest  types  are  based  on  physical  conditions  of  growth  they  will 
necessarily  determine  also  the  character  of  growth  and  make  superfluous 
the  further  subdivision  into  quality  classes. 

11.  In  a  proper  forest  classification  two  things  must  be  distinguished: 
(a)  types  of  forest  as  the  product  of  the  physical  conditions  of  growth. 
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and  (ft)  the  condition  of  tiie  stands  as  the  product  of  the  interference  of 
man  or  natnial  accidents.  In  the  latter  group  will  belong  temporary 
types — sprout  forests^  abnormally  open  forests^  the  absence  of  under- 
growth  on  account  of  grazing,  etc.  The  classification  into  types  is  fun* 
damental  and  is  of  importance  not  only  for  the  present  but  also  for  the 
remote  future.  Classification  on  the  basis  of  the  secondary  characteris- 
tics, which  are  merely  stages  in  the  evolution  of  the  type,  is  important 
only  for  the  immediate  future. 

12.  A  comprehensive  classification  of  forests  into  types  should  begin 
by  establishing,  first,  silvicultural  units  of  various  orders.  The  country 
as  a  whole  should  be  divided  into  botanical-geographical  regions — ^as,  for 
instance,  northern  conifers,  central  hardwoods,  etc. ;  each  region  must  be 
subdivided  further  into  subregions — ^thus  the  northern  conifers  into 
spruce  subregion,  pine  subregion,  etc.  Within  each  subregion  the  forest 
should  be  divided  on  the  basis  of  marked  differences  in  topography  and 
geology  into  types  of  forest  massives.  Each  forest  massive  should  then  be 
divided  into  forest  types,  and  within  the  boundaries  of  each  type  the 
stands  may  be  further  grouped  by  age,  by  origin,  or  by  any  other  distinc- 
tion which  may  be  due  to  the  interference  of  man  or  accident. 

13.  Without  denying  the  importance  of  the  secondary  characteristics 
in  describing  and  differentiating  forest  stands,  these  characteristics  must 
be  placed,  it  seems  to  me,  in  a  different  perspective — ^at  the  end  and  not 
at  the  beginning  of  the  work.  All  attempts  at  forest  classification  so  far 
made  have  been  based  either  upon  artificial  characteristics  or  upon  char- 
acters in  which  the  interference  of  man  was  not  separated  from  the 
natural  factors.  Such  a  classification  inevitably  included  in  one  group 
stands  extremely  heterogeneous  silviculturally.  In  order  to  secure  a 
natural  classification  and  at  the  same  time  a  complete  knowledge  of  the 
silvical  requirements  of  the  stand,  it  should  embody  in  the  classification 
both  the  natural  characteristics  and  the  characteristics  produced  by  the 
interference  of  man,  but  subordinated  the  latter  to  the  former — ^that  is, 
the  characteristics  produced  by  man  should  be  used  for  classification  only 
within  uniform  conditions  of  growth — the  physical  conditions  of  growth 
for  the  same  type  must  be  so  similar  as  to  guarantee  a  biological  uni- 
formity of  the  stands. 

One  of  the  most  urgent  and  fundamental  silvical  tasks  of  the  present 
moment,  in  my  opinion,  is  the  working  out  of  a  natural  classification  of 
our  forests.  This  must  be  the  work  of  the  very  near  future.  Its  diffi- 
culties are  indisputable,  but  they  are  not  insurmountable.  Division  of 
the  forests  into  stands  on  the  basis  of  their  composition  and  average 
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height  does  not  untie  the  difficult  knot;  it  merely  cuts  it^  and  therefore 
does  not  solve  the  problem.  The  development  of  forestry  in  this  country 
is  rapidly  getting  away  from  the  influence  of  Europe ;  we  are  constantly 
breaking  new  paths.  A  task  which  for  natural  historical  reasons  de- 
volves particularly  upon  this  country  to  perform  is  the  working  out  of  a 
natural  classification  of  forest  stands.  This  is  our  silvical  mission^  just 
as  other  countries  have  had  their  missions  to  perform. 


PROGRAM  OF  MEETINGS 

1912 


January    11.  Open  Meeting.    Methods  of  Forest  Regulation  Most  Applicable 

to  American  Conditions.    Barrington  Moore. 
Seed  Production  and  How  to  Stndy  It     (Discussion  of  article 
by  R.  Zon  and  C.  R.  Tillotson,  published  in  Vol.  YI,  No.  2,  of 
the  Proceedings.)    S.  T.  Dana. 

February    1.  Open  Meeting.    The  Relation  of  Ground  Cover  to  Erosion  in  the 

Southern  Appalachians.    Dr.  A.  C.  Spencer. 

February  15.  Executive  Meeting. 

Februaiy  29.  Open  Meeting.    Grazing  in  the  National  Forests.    L.  F.  Kneipp. 

Range  ImproYement  and  Improned  Methods  of  Handling  Stock 
in  National  Forests.    J.  T.  Jardtne. 

March       21.  Open  Meeting.    Silvicultural  Systems  tv  Western  Yellow  Pine. 

E.  H.  Clapp. 

April  4.  Open  Meeting.     Chestnut  Blight  and  Its  Contfol.     S.  B.  Det- 

wiler. 

April  11.  Open  Meeting.    Forest  Planting  in  Florida.    Bristow  AdMns. 

April  IS,  Open  Meeting.    The  Influence  on  Forestry  of  Economic  Condi- 

tions which  Control  the  Lumber  Industry.    Dr.  C.  A.  Schenck. 

April         26.  Open  Meeting.     State  Forest  Problems  in  Maryland.     P.   W. 

Besley. 

May  9.  Executive  Meeting. 

May  23.  Open  Meeting.    Regulation  of  Water  Powers  on  National  For- 

ests.    J.  B.  Adams,  F.  H.  Newell,  P.  P.  Wells,  and  J.  H. 
Finney. 

October      24.  Open  Meeting.    Experimental  Forest  Planting  in  Hawaii.  Ralph 

S.  Hosmer. 

November  21.  Open  Meeting.    The  Microscopic  Structure  of  Woods  in  Relation 

to  Their  Properties  and  Uses.    Eloise  Gerry. 

December    6.  Open  Meeting.    Factors  in  the  Valuation  of  Timber  Lands  in  the 

Southern  Appalachians.    D.  W.  Adams  and  W.  W.  Ashe. 
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Membership  Roll 

There  were  no  elections  to  membership  during  the  year,  and  there  was 
no  loss  by  death  or  resignation.  In  accordance  with  a  resolution  passed 
in  the  meeting  of  February  15  with  regard  to  arrears  in  dues,  the  mem- 
bership of  the  following  has  been  terminated : 

J.  E.  Barton  H.  6.  Merrill 

Wesley  Bradfield  A.  B.  Patterson 

G.  H.  Cecil  G.  E.  Tower 
G.  B.  Lull 

The  total  membership  of  the  Society  on  December  31,  1912,  was  354, 
divided  as  follows : 

Active  206 

Associate   47* 

Honorary 1 

25i 

The  active  membership  may  be  classified  as  follows : 

Members     Per  cent 

Federal  Forest  Service 114  S5 

Other  Federal  bureaus 4  2 

Government  work  In  United  States  posses- 
sions and  f orei^  countries 11  5 

State  work 19  9 

Private  and  corporation  employment 24  12 

Teaching 34  17 


206  100 


*  Attention  is  called  to  an  error  in  the  Secretary's  report  for  1911,  in  which 
the  number  of  associate  members  is  given  as  49.  This  number  should  have 
been  47,  making  the  total  membership  of  the  Society  at  that  time  261  instead 
of  263. 
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Geographically,  the  active  membership  is  distributed  as  follows: 

District  of  Ck)Iumbia   (and  Maryland) 32 

Nortbeastem  States 

Maine  3 

New  Hampshire 3 

Vermont 1 

Massachusetts  6 

Connecticut    9 

New  York 11 

Pennsylvania  9 

New  Jersey 2 

44 

Southeastern  States 

North  Carolina 2 

Georgia   1 

Florida 2 

Louisiana    1 

6 

Lake  States 

Michigan % 4 

Illinois   1 

Wisconsin    6 

Minnesota  5 

16 

Central  States 

Iowa   1 

Arkansas  1 

South  Dakota 2 

Kansas  1 

Oklahoma    1 

6 

Northern  Ro<dcy  Mountains 

Montana   9 

Idaho 4 

13 

Central  Rocky  Mountains 

Colorado   9 

Utah   5 

14 

Southwestern  States 

Arizona   4 

New  Mexico 7 

11 

North  Coast  States 

Washington 9 

Oregon    15 

24 

California  and  Nevada 24 
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U.  8.  PoBsessions 

Philippine  Islands 5 

Hawaii 1 

Alaska  1 

7 

Canada  7 

Argentine  Republic 2 

206 

Sections 

Two  Sections  of  the  Society  have  been  organized,  one  at  Missoula, 
Mont.,  with  11  active  members,  and  one  at  St.  Paul,  with  14  members. 

Publication  of  Proceedings 

Two  issues  of  the  Proceedings — Vol.  VII,  Nos.  1  and  2 — were  printed 
and  distributed  during  the  year.  Though  no  effort  of  any  kind  is  made 
to  advertise  the  Proceedings,  more  copies  than  ever  have  been  sold  out- 
side of  the  Society,  and  the  income  from  this  source  comprised  45  per  cent 
of  the  entire  revenue  of  the  Society. 

The  mailing  list  has  had  29  accessions  during  the  year,  and  the  Pro- 
ceedings are  now  sent  regularly  to  249  addresses,  exclusive  of  the  active 
and  honorary  members  (this  includes  167  Forest  Service  field  libraries). 

There  is  no  lack  of  material  of  a  quality  suitable  for  publication  in  the 
Proceedings ;  in  fact  the  amount  is  suflScient  to  warrant  publishing  the 
Proceedings  quarterly,  provided  a  member  could  be  found  who  oould  give 
the  time  to  it.  It  is  possible  that  some  member  connected  with  a  forest 
school  would  be  able  to  carry  on  this  work  to  better  advantage  than  a 
member  connected  with  the  Forest  Service. 

At  the  request  of  the  Editorial  Board,  Harrington  Moore  has  pre- 
pared a  historical  and  critical  review  of  all  the  papers  which  have  ap- 
peared in  the  Proceedings.  This  review,  which  is  entitled  "Forestry  in 
America  as  Eeflected  in  the  Proceedings  of  the  Society  of  American 
Foresters,**  will  probably  appear  in  the  May  issue  of  the  Forestry  Quar- 
teriy.  It  is  planned  to  secure  reprints  and  distribute  them  with  the  next 
issue  of  the  Proceedings. 

E.  H.  Frothingham, 

Secretary. 
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FE3BUABY  1,  1912,  TO  Januabt  31,  1913 


Receipts 

Balance  from  previous  year $832.35 

Annual  dues 1500.00 

Sale  of  Proceedings 342.25 

Sale  of  stamps .87 

Interest  on  bank  deposit 16.30 

859.42 

$1,691.77 
Disburaementa 

Printing  of  Proceedings $627.72 

Miscellaneous  printing  and  stationery 185.53 

Stenography  and  typewriting 35.50 

Postage   50.34 

Express  1.30 

Telegraph   4.29 

Rent  of  Cosmos  Club  Hall 10.00 

Contribution  to  International  Forest  Bibliography 125.00 

Money  order 1 .40 

Account  books , 1 .40 

$1,042.48 

Balance  on  hand 649.29 

$1,691.77 
Assets 

Cash  on  hand $649.29 

Dues  owed  for  1911 18.00 

Dues  owed  for  1912 141.00 

Dues  owed  for  1913 615.00 

Chi-ed  for  Proceedings 23.50 

Owed  for  reprint  from  Vol.  VII.  No.  2,  of  the  Proceedings. .       25.00 

$1,471.79 

Liabilities 

Printing — Byron  S.  Adams 2.50 

Excess  of  assets  over  liabilities $1,469.29 

S.  T.  Dana, 

Treasurer. 
Audited  and  found  correct. 
Bristow  Adahs, 

C.  R.  TlIXOTSON, 

Auditing  Committee. 

Febbuaby  18,  1913. 
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ACTIVE  MEMBERS 

Date  of  election 

Adams,  Bbistow,  Forest  Service,  Washington,  D.  C June  15, 1911 

Akkrman,  Alfred,  Athens,  Ga. April  2, 1908 

Allen,  Raymond  Walter,  Forest  Service,  Cody,  Wyo June  15, 1911 

Allen,  Shirley  W.,  Forest  Service,  Red  Bluff,  Cal Sept  1, 1911 

Allison,  John  H.,  University  Farm,  St.  Paul,  Minn Feb.  18, 1909 

Ames,  Fred  Elijah,  Forest  Service,  Portland,  Ore July  23, 1908 

Ashe,  William  Willard,  Forest  Service,  Washington,  D.  C March  7, 1907 

Aybes,  Philip  Wheelock,  6  Hancock  Ave.,  Boston,  Mass March  7, 1907 

Baker,  Hugh  Potter,  N.  Y.  State  School  of  Forestry,  Syracuse 

Univ.,  Syracuse,  N.  Y March  7, 1907 

Baker,  J.  Fred,  Michigan  Agric.  College,  East  Lansing,  Mich Feb,  15, 1913 

Balthis,  Russell  F,,  Forest  Service,  Cloudcroft,  N.  M June  15, 1911 

Bard,  George  Philip,  Forest  Service.  Pagosa  Springs,  Colo June  15, 1911 

Barrows,  William  Burnet,  Forest  Service,  Washington,  D.  C June  15, 1911 

Bates,  Carlos  Glazier,  Forest  Service,  Denver,  Colo March  24, 1910 

Benedict,  Junius  St.  John,  Gorham,  N.  H Feb.  15, 1913 

Berry,  Swift,  Forest  Service,  San  Francisco,  Cal Sept.  1, 1911 

Bbsley,  Fred  Wilson,  State  Forester,  Johns  Hopkins  Univ.,  Balti- 
more, Md July  23, 1908 

Billard,  Frederick  Howell,  N.   H.  Timberland  Owners*  Assn., 

Berlin,  N.  H Feb.  15, 1913 

Braniff,   Edward  Andrew,   616-618  R.   A.   Long  Bldg.,   Kansas 

City,  Mo March  7, 1905 

Bristol,  Harold  R.,  care  Delaware  &  Hudson  Co.,  Plattsburg, 

N.  Y Feb.  15, 1913 

Brown,  Nelson  Courtlandt.  N.  Y.   State   School  of  Forestry, 

Syracuse  Univ.,  Syracuse,  N.  .Y Feb.  15, 1913 

Bruce,  Donald,  Forest  Service,  Missoula,  Mont Feb.  15, 1913 

Bruins,  John  Franklin,  Forest  Service,  Pocatello,  Idaho July  23, 1908 

Bryant,  Edward  Sohier,  141  Milk  St.,  Boston,  Mass Feb.  15, 1913 

Bryant,  Ralph  Clement,  Yale  Forest  School,  New  Haven,  Conn.  .April  2, 1903 

Buck,  Clarence  John,  Forest  Service,  Portland,  Ore July  23, 1908 

Burns,  Findley,  Forest  Service,  Washington,  D.  C Feb.  18, 1909 

BuRRALL,  Harrison  Dewitt,  Forest  Service,  Porvenir,  N.  Mex. . .  .June  15, 1911 
Butler,  Ovid  McOvat,  Forest  Service,  Ogden,  Utah June  15, 1911 
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Date  of  election 

Gauuns,  Hugh  6.*  Forest  Service,  Snowflake,  Ariz June  15, 1911 

Cabtcr,  Edwabd  Edgecombe,  Harvard  Forest  School,  Petersbam, 

Mass March  7, 1907 

Caby,  Austin,  Forest  Service,  Washington,  D.  0 March  2, 1905 

Chapiiait,    Hebiian    Haupt,   Yale  Forest   Scliool,   New    Haven, 

Conn March  7, 1906 

Cheyiiet,  Edwabd  Gheen,  University  Farm,  St.  Paul,  Minn May  21, 1908 

Chittenden,  Alfbed  Knight,  607  E.  White  St,  Champaign,  111 April  2, 1903 

Clafp,  Eable  H.,  Forest  Service,  Washington,  D.  C March  7, 1907 

Clabk,  Ebnest  Dwight,  Forest  Service,  Washington,  D.  C June  15, 1911 

CiABK,  EXJAS  T.,  Forest  School,  Univ.  of  Washington,   Seattle, 

Wash June  15, 1911 

Cabk,  Judson  F.,  403  Crown  Bldg.,  Vancouver,  B.  C July  23, 1908 

Clabk,  Wiluam  Dabbow,  Mass.  Agric.  College.  Amherst,  Mass Feb.  15, 1913 

CifiiENT,  Oeoboe  Edwabd,  275  Warren  St.,  Boston,  Mass April  2, 1903 

CuFFOBD,  E}dwabd  C.  R.  F.  D.  No.  1,  Woodfords,  Maine March  24, 1910 

CoFFMAN,  John  Daniel,  Forest  Service,  Weaverville,  Cal Sept.  1, 1911 

CoHooN,  Anson  E..  Forest  Service,  Eugene,  Ore April  28, 1909 

Cook,  Abthur  Mayhew,  Forest  Service,  Fraser,  Colo June  15, 1911 

Cook,  Habold  O.,  State  Forester's  Office,  Boston,  Mass Feb.  15, 1913 

Coolidge,  Philep  Tripp,  N.  Y.  State  School  of  Forestry,  Wanakena, 

N.  Y June  15. 1911 

Coopeb,  Albert  Williams,  Sec'y  Western  Pine  Mfrs.  Assn.,  Hut- 
ton  Bldg.,  Spokane,  Wash March  7, 1905 

Cox,  Chesteb  Boyd,  Bureau  of  Forestry,  Manila,  P.  I Feb.  15, 1913 

Cox,  William  Thomas,  State  Forester,  St.  Paul,  Minn March  1, 1906 

CuBRAN,   Hugh   McCollum,   care  Bailey   Willis,   Post  Restante, 

Buenos  Aires,  Argentine  Republic March  7, 1905 

Dana,  Samuel  Trask,  Forest  Service,  Washington,  D.  C April  28, 1909 

Detwiler,   Samuel  B.,.  Chestnut  Tree  Blight  Conmiission,  1112 

Morris  Bldg,.  Philadelphia,  Pa March  7, 1907 

Drake,  Willard  M.,  Forest  Service,  Flagstaff,  Ariz June  15, 1911 

Du  Bois,  Coert,  Forest  Service,  San  Francisco,  Cal May  28. 1903 

DuNLAP,  Frederick,  Forest  Service,  Madison,  Wis June  6. 1907 

DuNSTON,  Clarence  E.,  Indian  Office,  Washington,  D.  C June  15, 1911 

Eldredoe,  Inman  F.,  Forest  Service,  Pensacola,  Fla June  15. 1911 

Ebickson,  Martin  Lewis,  Forest  Service,  Medford,  Ore July  23, 1908 

Ferguson,  John  Arden,  Dept.  of  Forestry,  State  College,  Pa June  15, 1911 

Fernow,  Bernhard  Eduard,  Univ.  of  Toronto,  Toronto,  Canada. .  .Dec.  15. 1900 

Fetherolf,  James  Milton,  Forest  Service,  Ogden,  Utah March  1, 1906 

FiLLEY,  Walter  Owen,  Conn.  Agric.  Exp.  Sta.,  New  Haven,  Conn.  .June  16, 1911 
Fisher,  Richard  Thornton,  Harvard  Forest  School,  Petersham, 

Mass April  2, 1903 

Flory,  Charles  Henry,  Forest  Service.  Portland,  Ore Feb.  15,.  1913 

Foley,  John,  413  Oak  Lane,  Wayne,  Pa Jan.  2, 1902 

Foster,  Harold  Day,  Forest  Service,  Medford,  Ore June  15. 1911 

Foster,  John  Harold,  N.  H.  Agric.  College,  Durham,  N.  H March  24, 1910 

FoxwoRTHY,  Fred  W.,  Bureau  of  Science,  Manila,  P.  I June  15, 1911 
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FROiiHE,  RUDO  L.,  Forest  Service,  Olympla,  Wash Feb.  18, 1909 

Fbothinoham,  Eabl  Hazeltine,  Forest  Service,  Washington,  D.  C.July  23, 1908 

Oaskill,  Alfred,  State  House.  Trenton,  N.  J May  28, 1903 

Oatlord,    Frederick    Alan,    Conservation    Commission,    Albany, 

N.  Y June  15, 1911 

OiFFORD,  John  Clayton,  Cocoanut  Grove,  Dade  County,  Fla April  3, 1902 

Goldsmith,  Belknap  Chittenden,  Forest  Service,  Alturas,  Cal. .  .Sept.  1, 1911 

Graff,  Herbert,  Forest  Service,  McCall,  Idaho June  15, 1911 

Granger,  Christopher  M.,  Forest  Service,  Denver,  Colo Feb.  15, 1913 

Graves,  Henry  Solon,  Forest  Service,  Washington,  D.  C Dec.  13, 1900 

Greeley,  William  Buckhart,  Forest  Service,  Washington,  D.  C . . .  Feb.  3, 1906 

Griffith,  Edward  Merriam,  State  Forester,  Madison,  Wis Dec.  15, 1900 

Guthrie,  John  Dennett,  Forest  Service,  Sprlngerville,  Ariz March  7, 1907 

Hale,  Harry  Munroe,  Forest  Service,  Okanogan,  Wash June  6, 1907 

Hall,  R.  Clifford,  Forest  Service,  Washington,  D.  C June  15, 1911 

Hall,  Wiluam  Logan,  Forest  Service,  Washington,  D.  C Dec.  13, 1900 

Hammatt,  Richard  Fox,  Forest  Service,  Sisson,  Cal Sept.  1, 1911 

Harris,  Philip  Talbot,  Forest  Service,  Tacoma,  Wash Feb.  18, 1909 

Hatton,  John  Henry,  Forest  Service,  San  Francisco.  Cal March  2, 1905 

Hawes,  Austin  Foster,  State  Forester,  Burlington,  Vt March  2, 1905 

Hawley,  Ralph  Chipman,  Yale  Forest  School,  New  Haven,  Conn.  .Feb.  3, 1906 

Hill,  Cary  Leroy,  Forest  Service,  Northfork,  Cal June  6, 1907 

Hirst,  Edgar  Clarkson,  State  Forester,  Concord,  N.  H June  15, 1911 

Hodge,  William  Churchill,  Jr.,  Forest  Service,  San  Francisco, 

Cal Apnl  2, 1903 

Hodson,  Elmer  Reed,  Forest  Service,  Ogden,  Utah March  7, 1907 

Holmes,  John  Simcox,  Chapel  Hill,  N.  C June  6, 1907 

HoBMER,  Ralph  Sheldon,  Box  207,  Honolulu,  Hawaii Dec.  13, 1900 

Howard,  William  G.,  Conservation  Commission,  Albany,  N.  Y June  15, 1911 

IMES,  Richard  Perry,  Forest  Service,  Custer,  S.  Dak March  7, 1907 

Jackson,  Alexander  Grant,  Forest  Service,  Seattle,  Wash Feb.  15, 1913 

JuDD,  Charles  Sheldon,  Forest  Service,  Portland,  Ore March  24, 1910 

Keach,  John  E.,  Forest  Service,  Avery,  Idaho June  6, 1907 

Kelleter,  Paul  Delmar,  Forest  Service,  Deadwood,  S.  Dak Feb.  18, 1909 

Kellogg,  Frank  B.,  98  El  Camino  Real,  Berkeley,  Cal Feb.  15, 1913 

Kelijogg,  Royal  Shaw,  506  Third  St.,  Wausau,  Wis March  7, 1905 

Kempfer,  William  Herbert,  Forest  Service,  Madison,  Wis Feb.  15, 1913 

Kent,  Wiluam  H.  B.,  Bureau  of  Forestry,  Manila,  P.  I April  28, 1909 

Kiefer,  Francis,  Forest  Service,  Harrison,  Ark June  15, 1911 

Kinney,  David  Golden,  Forest  Service,  San  Diego,  Cal July  23, 1908 

Kinney,  Jay  P.,  Indian  Office,  Washington,  D.  C Feb.  15, 1013 

KiRKiAND,   Burt   P.,   Dept.   of   Forestry,   Univ.   of   Washington, 

Seattle,  Wash Feb.  18, 1909 

Klemme,  Wilhelm,  Bureau  of  Forestry,  Manila,  P.  I April  28, 1909 

Knechtel,  Abraham,  Box  1133,  Grandon,  Manitoba,  Canada. . .  .March  1, 1906 

Koch,  El£rs,  Forest  Service,  Missoula,  Mont March  7. 1906 

Kummel.  Julius  F.,  Forest  Service,  Portland,  Ore March  24, 1910 

KxrPFER,  Carl  Albert,  Forest  Service,  San  Francisco,  Cal June  15. 1911 
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Lafon,  John,  Jr.,  care  Minister  of  Lands,  Victoria,  B.  C Feb.  15, 

Leavitt,  Cltdk,  care  Gonservation  Gommlssion,  Ottawa,  Canada.. July 23, 

Leopold,  Aldo.  Forest  Service,  Tres  Piedras,  N.  M Feb.  15, 

LovEJOT,  Parish  S.,  1820  Hill  St,  Ann  Arbor,  Mich June  15, 

Lyfobd,  Charles  A.,  206  Board  of  Trade  Bldg.,  Montreal,  Canada.  .Feb.  3, 

MacDonald,  Gilmorb  B.,  Iowa  Exp.  Station,  Ames,  Iowa June  15, 

MacDufp,  Nelson  Ferris,  Forest  Service,  Grants  Pass,  Ore June  15, 

Mackate,  Benton,  Forest  Service,  Washington,  D.  C June  15, 

McLean,  Form  an  T.,  Forest  Service.  Ogden,  Utah June  15, 

Maddox,  Rufus  Sherrell,  Forest  Service,  Qulncy,  Cal Sept.  1, 

Margolin,  Louis,  Forest  Service,  San  Francisco,  Cal Feb.  3, 

Marston,  Rot  Leon,  Skowhegan,  Maine May  28, 

Mason,  David  Townsend,  Forest  Service,  Missoula,  Mont March  24, 

Mast,  William  Herbert,  Davenport,  Iowa July  23, 

Mathews,  Donald  M.,  Bureau  of  Forestry,  Manila,  P.  I Feb.  15, 

Mattoon,  Wilbur  Reed,  Forest  Service,  Washington,  D.  C March  1, 

Maule,  W.  M.,  Forest  Service,  Gardnerville,  Nev Feb.  18, 

Mell,  Clayton  Dissinger,  Forest  Service,  Washington,  D.  C June  6, 

Merritt,  Melvin  L.,  Forest  Service,  Bend,  Ore Feb.  15, 

Millar,  Willis  N.,  Box  1253,  Calgary,  Alberta,  Canada Sept.  1, 

Miller,  Francis  Garner,  Wenatchee,  Wash. March  5, 

Mitchell,  John  Alfred,  Forest  Service,  San  Francisco,  Cal Sept  1, 

Moody,  Frank  Benjamin.   School  of  Agriculture,  University  of 

Wisconsin,  Madison,  Wis Feb.  18, 

Moon,  Frank  F.,  N.  Y.  State  College  of  Forestry,  Syracuse  Univ., 

Syracuse,  N.  Y June  15, 

Moore,  Babrinoton,  Forest  Service,  Washington,  D.  C June  15, 

Moore,  Sydney  Luard,  911  National  Bldg.,  Savannah,  Ga May  21, 

Moore,  Walter  Morrison,  Forest  Service,  Santa  Barbara,  Cal June  15, 

MoRRELL,  Fred  W.,  Forest  Service,  Denver,  Colo July  23, 

Mulpobd,  Walter,  College  of  Agric,  Cornell  Univ.,  Ithaca,  N.  Y.  .March 5, 

MuNGER,  Thornton  Taff.  Forest  Service,  Portland,  Ore March  24, 

Murdoch,  John,  Jr.,  11  Claflln  Place,  Newtonvllle,  Mass June  15, 

Murphy,  Louis  Sutliffe,  Forest  Service.  Washington,  D.  C March  24, 

Neel,'  Harry  Camble,  Dravosburg,  Pa July  23, 

Nelson,  John  Marburg,  Jr.,  P.  &  R.  C.  &  I.  Co.,  Pottsville,  Pa June  6, 

Olmsted,  Frederick  Erskine,  21  Lime  St.,  Boston,  Mass Dec.  15, 

Oman,  Andrew  Edward,  Forest  Service,  Weiser,  Idaho May  21, 

Pearson,  Gustaf  Adolph,  Forest  Service,  Flagstaff,  Ariz March  24, 

Peavy,  George  Wilcox,  Oregon  Agric.  College,  Corvallis,  Ore. ..  .March  1, 

Peck,  Allen  Steele,  Forest  Service,  Albuquerque,  N.  M June  6, 

Peters,  James  Girvtn,  Forest  Service,  Washington,  D.  C March  7, 

Pettis,  Clifford  Robert,  Conservation  Commission,  Albany,  N.  Y.  .July  23, 

PiNCHOT,  GiFFORD,  1615  Rhodo  Island  Ave.,  Washington,  D.  C Dec.  13, 

Piper,  William  Bridge,  Forest  Service,  East  Tawas,  Mich June  15, 

Plummer,  Fred  (Jordon,  Forest  Service,  Washington,  D.  C July  23, 

Potter,  Albert  F.,  Forest  Service,  Washington,  D.  C June  15, 

Pratt,  Merrttt  Berry,  Forest  Service,  Nevada  City,  Cal July  23, 
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Pbbston,  John  F.,  Forest  Service,  Missoula,  Mont June  15, 1911 

Price,  Overton  Westfeldt,  Ck>lorado  Bldg.,  Washington,  D.  C Dec.  13, 1900 

Ramskill,  Jebohe  Hinds,  Forest  Service,  Delta,  Colo .June  15, 1911 

Read,  Arthur  Davis,  Forest  Service,  Albuquerque,  N.  M Feb.  18, 1909 

Recknaoel,  Arthur  Bernard,  Ck)llege  of  Agric,  Ck>mell  Univ., 

Ithaca,  N.  Y May  21, 1908 

Redinoton,  Paul  G.,  Forest  Service,  Northfork,  Cal Feb.  3, 1906 

Reed,  Franklin  Weld,  Forest  Service,  Washington,  D.  C March  5, 1904 

Reynolds,  Rorert  Rensselaer,  Forest  Service,  Ogden,  Utah June  15, 1911 

Riley,  Smith,  Forest  Service,  Denver,  CJolo March  2, 1905 

RiNOLAND,  Arthur  Cuming,  Forest  Service,  Albuquerque,  N.  M. .  .July  23, 1908 

Rockwell,  F^nk  I^  Forest  Service,  Missoula,  Mont Sept.  1, 1911 

Rogers,  David  Nathan,  Forest  Service,  Quincy,  Cal Sept.  1, 1911 

Rogers,  Robert  Lansing,  Forest  Service,  Washington,  D.  C June  15, 1911 

Roth,  Filibert,  Univ.  of  Michigan,  Ann  Arbor,  Mich Dec.  15, 1900 

RoTHERT,  Julian  Eastman,  527  Fifth  Ave.,  New  York,  N.  Y June  15, 1911 

Rothkugel,  Max,  Florida  524,  Oflcina  de  bosques,  Buenos  Aires, 

Argentine  Republic  July  23, 1908 

Sackett,  Homer  S.,  1211  Whitney-Central  Bldg.,  New  Orleans,  La.  June  15, 1911 

ScHENCK,  Carl  Alwin,  Biltmore,  N.  C Dec.  15, 1900 

ScHWARZ,  George  Frederick,  1223  Beacon  St,  Brookline,  Mass Jan.  2, 1902 

Scott,  Charles  A.,  Agricultural  College,  Manhattan,  Kans March  1, 1906 

Shepard,  William  Chambers,  R.  F.  D.  59,  Berlin,  Conn June  15, 1911 

Sherfesee,  William  Forstthe,  Bureau  of  Forestry,  Manila,  P.  I.  .March  7, 1907 

Sherrard,  Thomas  Hebrick,  Forest  Service,  Portland,  Ore Dec.  13, 1900 

Shinn,  Charles  Howard,  Forest  Service,  Northfork,  Cal March  7, 1907 

SnscKE,  Eric  Otto,  Deputy  State  Forester,  Salem,  Ore July  23, 1908 

SiLCOx,  Ferdinand  Augustus,  Forest  Service,  Missoula,  Mont June  6, 1907 

Skeels,  Dorr,  Forest  Service,  Llbby,  Mont Sept.  1, 1911 

Smith,  Charles  Stowell,  Forest  Service,  San  Francisco,  Cal. .  .March  24, 1910 

Smith,  Clinton  Gold,  Forest  Service,  Logan,  Utah Feb.  18, 1909 

Smith,  Stanton  G.,  Forest  Service,  Seattle,  Wash Feb.  18. 1909 

Sfonsler,  Olenus  Lee,  Univ.  of  Michigan,  Ann  Arbor,  Mich June  15, 1911 

Spring,  Samuel  Newton,  College  of  Agriculture,  Cornell  Univ., 

Ithaca,  N.  Y March  5, 1904 

Starler,  Herbert  Osburn,  Forest  Service,  Portland,  Ore; July  23, 1908 

Stephen  John  Wallace,  N.  Y.  State  School  of  Forestry,  Syracuse 

Univ.,  Syracuse,  N.  Y June  15, 1911 

Sterling,  Ernest  Albert,  1331  Real  Estate  Trust  Bldg.,  Phila- 
delphia, Pa April  2. 1903 

Sterrett,  William  Dent,  Forest  Service.  Washington,  D.  C Feb.  3, 1906 

Stuart,  Robert  Young,  Forest  Service,  Washington,  D.  C June  15, 1911 

Sudworth,  George  Bishop,  Forest  Service,  Washington,  D.  C Dec.  15, 1900 

Swan,  Orrington  Thomas,  Forest  Service,  Washington,  D.  0 Sept  1, 1911 

Terry,  Elwood  I.,  Colorado  College,  Colorado  Springs,  Colo Sept.  1, 1911 

Tiemann,  Harry  Donald,  Forest  Service,  Madison,  Wis March  2, 1905 

TiERNEY,  Dillon  P.,  Asst  State  Forester,  St  Paul,  Minn June  15, 1911 

TnxoTSON,  Claude  Raymond,  Forest  Service,  Washington,  D.C.. June  15, 1911 
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Tompkins,  Harby  James,  Forest  Service,  San  Francisco,  Cal Jan.  2, 1902 

TouMEY,  James  William,  Yale  Forest  School,  New  Haven,  Conn.  .Dec.  15, 1900 

ViLES,  Blaine  Spooneb,  Augusta  Trust  Bldg.,  Augusta,  Maine July  23, 1908 

VON  Bayeb,  William  Hector,  Indian  Office.  Washington,  D.  C May  21, 1908 

Waha,  Alpheus  Oliver,  Forest  Service.  Albuquerque,  N.  M May  21, 1908 

Warner,  Joseph  De  Witt,  Forest  Service,  Livingston,  Mont July  23, 1908 

Weber,  William  Hoyt,  151  Courtland  Ave.,  Stamford,  Conn June  15, 1911 

Weiole,  William  G.,  Forest  Service.  Ketchiknn,  Alaska Feb.  3, 1900 

Weiss.  Howard  Frederick,  Forest  Service,  Madison,  Wis June  6. 1907 

Wentung,  John  Philip,  University  Farm,  St.  Paul.  Minn July  23, 1908 

Wernstedt,  Laoe  von.  Forest  Service,  Portland,  Ore July  23, 1908 

Whitford,  Habby  Nichols,  Chicago  University.  Chicago,  111 Sept.  1, 1911 

WiLBEB,  Chables  Pabkeb,  State  House,  Trenton,  N.  J June  15, 1911 

Williams,  Asa  Stabkweatheb,  care  Allis-Chalmers-Bullock,  Ltd., 

Montreal,  Canada April  28»  1909 

Willis,  Cijoience  P.,  Forest  Service,  Portland,  Ore Feb.  15, 1913 

Winkenwebdeb,  Hugo,  Univ.  of  Washington,  Seattle,  Wash Sept.  1. 1911 

Wibt,  Geobge  H.,  Dept.  of  Forestry,  Harrisburg,  Pa March  24, 1910 

Woodbury,  Truman  Doane,  Forest  Service,  San  Francisco.  Cal . . .  July  23, 1908 

Woodward,  Karl  Wilson,  Forest  Service,  Washington,  D.  C Feb.  3, 1900 

TToolsey,  Theodore  Salisbury,  Jr.,  250  Church  St.,  New  Haven, 

Conn March  7, 1905 

Worthley,  Irving  Tupper,  Broad  St.  Station,  Philadelphia,  Pa. .  .June  15, 1911 

Ziegleb,  Edwin  Allen,  Mont  Alto.  Pa June  6, 190T 

ZoN,  Raphael,  Forest  Service,  Washington,  D.  C March  5, 1904 

HONORARY  MEMBER 

Date  of  election 

Cluttebbuck,  Philip  Henby,  F.  Z.  S.,  F.  R.  G.  S.,  F.  B.  S.,  Deputy 

Conservator  of  Forests.  Nalni  Tal,  India March  24, 1910 

ASSOCIATE  MEMBERS 

Date  of  election 

Adams.  James  Babby,  Forest  Service,  Washington,  D.  C July  23, 1908 

Ahebn,  Geobge  Patbick,  Bureau  of  Forestry,  Manila.  P.  I Feb.  7, 1901 

Andbews,  Chbistopheb  Columbus,  State  Fire  Warden,  St.  Paul, 

Minn Dec.  13, 1900 

Bessey,  Chables  Edwin,  University  of  Nebraslta,  Lincoln,  Nebr. .  .Jan.  2, 1902 

Betts,  Habold  Scofield,  Forest  Service,  Madison.  Wis July  23, 1908 

Bowers,    Edwabd  Augusti'S,   Yale  Forest    School,    New    Haven, 

Conn Dec.  13, 1900 

Bbistol,  Howabd  Stanley,  Elmhurst,  Newport,  R.  I July  23, 1908 

Bbuce,  Eugene  Sewell,  Forest  Service,  Washington,  D.  C March  14, 1905 

Clements,  Fbedebick  Edwabd,  Univ.  of  Minn.,  Minneapolis,  Minn. Feb.  15, 1913 

Cline,  McGabvey,  care  Forest  Service,  Madison,  Wis July  23, 1908 

Coville,  Fbedebic  Vebnon,  Bureau  of  Plant  Industry,  Washing- 
ton, D.  C Bee.  13, 1900 
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EoGLEBTON,  NATHANIEL  HiixYER,  Jamaica  Plain,  Mass Feb.  7, 1901 

1911 
1902 
1908 
1901 
1902 
1900 
1900 
1905 
1905 
1900 


Eluot,  Simon  Bouvab,  Harrisburg,  Pa June  15 

Faxon,  Chables  Edwabd,  Jamaica  Plain,  Mass April  3 

Fenn,  Frank  A.,  Forest  Service.  Kooskia,  Idaho July  23 

Fkancis,  David  Rowland,  St.  Louis,  Mo Feb.  7 

FuBNAS.  Robert  Wilkinson.  Brownville,  Nebr Jan.  2 

Gannett,  IHenry,  Geological  Survey,  Washington,  D.  C Dec.  13 

Hague,  Arnold,  Geological  Survey,  Washington,  D.  C Dec.  13 

Hatt,  William  Kendrick,  Lafayette,  Ind April  26 

Hebty,  Chables  Holmes.  Univ.  of  N.  C,  Chapel  Hill,  N.  C April  26 

Holmes,  Joseph  Austin,  Bureau  of  Mines,  Washington,  D.  C Dec.  13, 

Hopkins,  Andbew  Dei^ab,  Bureau  of  Entomology,  Washington, 

D.  C March  14, 1905 

Humphbey.  Clarence  John,  Forest  Service,  Madison,  Wis Feb.  15, 19i3 

Jack,  John  George,  Jamaica  Plain,  Mass April  3, 1902 

Jardine,  James  Tertius,  Forest  Service,  Washington,  D.  C. . .: . .  .Feb.  15, 1913 

Kneipp,  Leon  Frederick,  Forest  Service,  Washington,  D.  C June  15, 1911 

Lamb,  George  Newton,  Forest  Service,  Washington,  D.  C Feb.  15, 1013 

Luebkert,  Otto,  1341  G  St  N.  W.,  Washington,  D.  C Dec.  13, 1900 

LuKENS,  T.  P.,  Pasadena,  Cal April  26, 1905 

McVean,  M.  J.,  Tuscola,  Saskatchewan July  23, 1908 

Meinecke,  Emile  p..  Forest  Service,  San  Francisco,  Cal Sept  1, 1911 

Merriam,  Clinton  Hart,  Lagunitas,  Cal Jan.  2^  1902 

Metcalf,  Haven,  Bureau  of  Plant  Industry,  Washington,  D.  C  .June  15, 1911 

Miller,  John  M.,  Bureau  of  Entomology,  Placerville,  Cal Sept.  1, 1911 

Newell,  Frederick   Haynes,   Reclamation  Service,"  Washington, 

D.  C Dec.  13. 1900 

Noble,  John  Willock,  St.  Louis,  Mo Feb.  7, 1901 

Rhodes,  J.  E.,  1221  Stock  Exchange  Bldg.,  Chicago,  111 Feb.  15, 1913 

Roosevelt,  Theodore,  Oyster  Bay,  N.  T Dec.  13, 1900 

Sargent,  Charles  Spragub,  Jamaica  Plain,  Mass April  3, 1902 

Schneider,  E.  E.,  Bureau  of  Forestry.  Manila,  P.  I Feb.  15, 1913 

Shaw,  Alexander  S..  Portland,  Ore July  23, 1908 

Smith,  Herbert  Augustine,  Forest  Service,  Washington,  D.  C.  .March  14, 1905 
Spaulding,  Volney  Morgan,  Desert  Laboratory,  Carnegie  Inst, 

Tucson,  Ariz Jan.  2, 1902 

Vanderbilt,  Geobge  Washington,  Blltmore,  N.  C Feb.  7, 1901 

Walcott,  Charles  Doolittle,  Smithsonian  Institution,  Washing- 
ton, D.  C Dec.  13, 1900 

Waldo,  John  Breckenkidge,  Macleay.  Ore April  3, 1902 

Webb,  William  Sewabd,  Shelbume,  Vt Jan.  3. 1901 

Weli^,  Philip  P.,  Middletown,  Conn July  23, 1908 

Whittlesey,  Geobge  Patten,  Washington,  D.  C Dec.  13, 1900 

Wilson,  James,  Washington,  D.  C Dec.  13, 1900 

WooDBUFF,  Geobge  Washington,  Honolulu,  Hawaii March  14, 1905 
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DECEASED  MEMBERS 


Name 


Black,  Fbahk  Swvtt 

Brand»,  Sir  Divtbich. 

Bkbwbr,  William  Hbnby 

Glabk,  Willard  Wbld 

Clbvbland,  Grovbb 

Dudley,  William  Russell 

Fox,  William  Fbbbman 

Gaboneb,  Wbslby  Johnson 

Gibbs,  Woloott 

Harbison,  Benjamin 

Hitchcock,  Ethan  Allbn 

Hubbabd,  William  Faibchild.. 

Jbbup,  Morbis  Kbtchum 

Millbb,  Louis  Chbistian 

MoiiR,  Charles 

Morton,  Julius  Sterling 

Phillips,  Fbank  Jay 

Finchot,  James  Wabben 

Whitney,  William  Collins  . . . . 
Wiggins,  Benjamin  Lawton 


Memberahip 


Associate 

Honorary. . . . 
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THE  TECHNIQUE  OF  SEED  TESTING 

BY  C.  G.   BATES 
Contribtited 

The  purpose  of  this  paper  is  not  primarily  to  set  forth  fads  -which  for 
the  most  part  have  been  but  meagerly  proven,  but  rather  to  use  such 
facts  as  have  been  obtained  from  the  seed-testing  in  District  2  as  the 
basis  of  a  discussion  of  methods  which,  it  is  strongly  felt,  should  be 
standardized  among  all  American  foresters  and  seed  dealers  as  soon  as 
sufficient  experience  is  gained  to  make  this  possible. 

The  facts  stated,  however  well  proven,  must  not  be  construed  to  apply 
to  species  other  than  the  principal  ones  occurring  in  the  central  Rocky 
Mountains,  nor  will  the  findings  from  these  facts  to  any  large  extent 
apply  to  the  same  species  as  they  occur  in  other  regions.  It  must  not 
be  overlooked  that  the  seed  of  any  particular  species  probably  has  the 
same  number  of  climatic  or  geographic  forms  as  does  the  tree  itself. 
Seeds  from  different  localities  may  not  differ  in  size,  color,  or  weight,  but 
nevertheless  may  show  very  different  responses  to  the  conditions  which 
induce  germination.  These  different  responses  can  only  be  construed  as 
climatic  adaptations.  Thus,  in  general,  the  more  rapid  and  vigorous 
germination  of  southern  seed,  as  compared  with  northern  seed  of  the 
same  species,  is  undoubtedly  the  result  of  adaptation  to  conditions  which 
demand  rapid  germination  or  the  extinction  of  the  species.  The  cli- 
matic conditions  which  produce  this  characteristic  are  probably  high 
temperatures  and  rapid  evaporation.  It  may  be  conceived  that  the 
germination  of  seed  in  nature  is  independent  of  the  amount  of  precipi- 
tation. It  is  not  a  question  of  how  wet  the  seed-bed  becomes  at  times, 
but  how  long  it  remains  in  a  favorable  condition. 
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For  such  reasons  as  this  it  is  apparent  that  the  procedure  in  seed- 
testing,  and  especially  the  period  allowed  for  germination,  must  be 
adapted  to  the  region  in  which  the  seed  is  to  be  used.  Nevertheless, 
certain  definite  laws  for  determining  procedure  can  probably  be  laid 
down,  and  it  is  one  of  the  objects  of  this  paper  to  show  how  such  laws 
are  being  worked  out  and  their  usefulness. 

General  Value  of  Seed-testing. 

The  value  of  germination  tests  on  all  seed  used  in  reforestation  cannot 
be  overestimated.  No  other  means  is  at  hand  for  determining  accu- 
rately the  value  of  the  seed  to  be  sown  in  the  nursery  or  in  the  field,  and 
seed  tests  make  possible  the  most  economical  use  of  seed,  while  at  the 
same  time  insuring  the  use  of  sufiicient  seed  to  obtain  the  desired  stand 
if  the  field  conditions  happen  to  be  favorable.  Thus  in  a  broad-casting 
operation  one  might  sow  two  pounds  of  seed  to  the  acre  on  the  assump- 
tion that  the  particular  lot  of  seed  in  use  had  a  germinative  value  of 
75  per  cent,  and  if  it  proved  to  be  the  case  that  the  seed  had  a  germina- 
*  tive  value  of  only  35  per  cent,  the  expected  stand  would  not  be  secured 
even  under  the  most  favorable  conditions,  and  the  expense  of  resowing 
would  be  necessitated,  making  the  ultimate  cost  of  the  plantation  almost 
double  what  it  should  be.  On  the  other  hand,  in  seed-spot  sowing  or  in 
nursery  work  an  accurate  knowledge  of  the  value  of  the  seed  makes  it 
possible  to  sow  without  danger  of  securing  an  overcrowded  stand  or  of 
wasting  seed. 

Mathematical  Accuracy  of  Seed  Tests. 

The  work  of  making  germination  tests  must  never  be  thought  of  as 
a  mathematical  art.  Innumerable  factors  enter  into  any  single  test  to 
reduce  its  accuracy.  From  a  hundred  pounds  of  seed,  with  more  or  less 
foreign  matter  in  mixture,  it  is  impossible  to  take  a  perfectly  representa- 
tive sample.  Even  after  a  small  sample  of,  say,  2,000  seeds  has  been 
perfectly  cleaned  and  laid  out  on  a  table,  it  is  impossible  to  select  from 
this  lot  two  samples  of  500  seed  each  which  will  have  the  same  weight 
or  specific  gravity.  A  single  case  of  this  kind  showed  a  difference  of 
about  6  per  cent  in  the  weight  of  two  samples  which  were  taken  in  an 
ordinary 'manner  from  a  small  conical  pile  of  seed.  It  must  be  apparent, 
therefore,  that  to  obtain  results  of  any  value  at  all  extremely  careful 
sampling  is  necessary.  Even  after  this  has  been  done  the  conditions  for 
germinating  two  or  more  samples  of  seed  cannot  be  made  perfectly  uni- 
form, and  further  errors  enter  into  the  result.  A  test  made  at  the  Fre- 
mont Experiment  Station  on  ten  lots  of  yellow-pine  seed,  of  500  seed 
each,  from  the  same  initial  lot  of  seed,  showed  germination  results  in 
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twenty-five  days  varying  from  44.2  per  cent  to  72.4  per  cent,  and  the 
mean  variation  from  the  mean  germination  per  cent  was  6.83  per  cent. 
This  occurred  with  a  species  which  usually  germinates  very  vigorously 
and  promptly,  and  with  species  which  are  subject  to  greater  variations 
in  the  period  of  germination  the  probable  error  with  any  single  lot  of 
seed  is  likely  to  be  even  greater. 

Character  of  Oerminaiing  Appa/ratus. 

It  has  undoubtedly  been  shown  by  experience  in  every  locality  where 
numerous  seed  tests  have  been  made  that  the  soil  test  is  most  satisfactory. 
It  is  not  the  most  satisfactory  because  it  gives  the  highest  values  and  the 
most  prompt  results,  but  because  it  is  the  most  natural  method  of  germi- 
nating and  gives  the  most  uniform  results — results  which  bear  a  certain 
relation  to  those  which  may  be  expected  in  field  germination.  Yet  in 
spite  of  this  fact  various  forms  of  blotter  and  wick  germinators  are  sug- 
gested and  urged  upon  the  forester  and  are  much  used.  It  is  sufficient 
to  say,  in  criticism  of  the  use  of  such  apparatus,  that  the  results  are  not 
comparable  with  results  from  soil  tests  and  that  it  is  almost  impossible  to 
standardize  the  germinating  processes  with  such  apparatus. 

At  the  Fremont  Experiment  Station  the  first  germinating  apparatus 
used  was  called  the  "fireless-cooker  germinator.*'  It  consisted  of  a  large 
wooden  box  within  which  was  a  water-tight  tank  with  6  inches  space 
between  the  walls  of  the  tank  and  the  walls  of  the  box.  This  space  was 
filled  with  excelsior,  forming  a  very  perfect  insulation  against  radiation. 
Within  the  tank  was  a  smaller  tank  with  3  inches  space  between  the 
walls.  The  space  between  tha  two  tanks  was  filled  twice  daily  with 
water  at  a  temperature  of  90 **  F.  During  the  twelve-hour  period  in 
which  this  water  remained,  the  temperature  seldom  dropped  below  76°  F. 
There  was,  therefore,  during  each  period  of  twelve  hours  a  change  of  15° 
in  the  temperature  of  the  inner  tank  or  germinator.  The  seed  samples 
were  placed  in  petri  dishes  within  the  smaller  tank.  Each  dish  con- 
tained a  layer  of  moist  blotting  paper,  and  the  seed  lay  upon  this. 
Evaporation  from  the  germinator  as  a  whole  was  so  slight  that  the  blot- 
ters retained  their  moisture  for  a  number  of  days.  The  principal  objec- 
tions to  this  form  of  germinator  were:  (1)  the  total  absence  of  sunlight, 
which  is  thought  to  have  an  appreciable  infiuence  on  seed  germination ; 
(2)  the  occurrence  of  moulds  and  other  fungi  on  the  blotters  and  on  the 
seed,  which  necessitated  the  use  of  a  fungicide  such  as  formalin,  both 
the  moulds  and  the  fungicides  undoubtedly  affected  the  germination  of 
the  seed;  (3)  there  being  no  system  of  drainage  for  the  dishes,  it  was 
almost  impossible  to  wet  all  samples  uniformly. 
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The  results  obtained  in  this  germinator  were  anything  but  satisfac- 
tory. On  any  group  of  samples  placed  in  the  germinator  simulta- 
neously, germination  varying  from  2  per  cent  to  a  total  value  of  60 
or  70  per  cent  might  be  expected.  While  yellow  pine  usually  germi- 
nated very  satisfactorily,  it  is  now  believed  that  complete  germination 
with  lodgepole  pine  was  never  secured  under  these  conditions.  One 
particular  sample  of  lodgepole,  which  would  not  germinate  at  all  here, 
showed  a  value  of  33  per  cent  by  soil  tests  made  in  Washington. 

As  soon  as  the  seed-testing  work  for  District  2  was  systematically 
taken  over  by  the  Experiment  Station,  boU  tests  in  the  greenhouse  were 
begun.  Owing  to  the  gravelly  nature  of  the  soil  at  the  station,  it  was 
considered  best  at  the  outset  to  use  the  surface  soil,  which  contained  the 
smallest  proportion  of  large  gravel  and  the  largest  proportion  of  humus 
and  loam.  To  obtain  a  sujfficient  quantity  of  this  soil,  it  was,  of  course, 
necessary  to  scrape  considerable  ground,  and  as  a  result  the  diflPerent 
lots  of  soil  used  during  the  winter  of  1911-1912  were  not  uniform  in 
character.  In  most  cases  no  crusting  in  the  greenhouse  was  noticed, 
but  in  those  cases  where  crusting  did  occur  the  tests  were,  of  course, 
vitiated  and  made  not  comparable  with  the  others.  The  greatest  diffi- 
culty, however,  arose  from  the  fact  that  this  rich,  loamy  soil  was  con- 
ducive to  the  growth  of  moulds;  and,  while  it  was  not  definitely  de- 
termined that  any  of  these  fungi  became  parasitic  upon  the  seed  or 
seedlings,  it  was  considered  desirable  in  starting  each  new  test  to  use 
soil  which  had  been  sterilized.  The  dry-sterilizing  or  baking  process 
in  turn  affected  the  physical  properties  of  the  soil,  so  that  after  any  par- 
ticular lot  of  soil  had  been  used  two  or  three  times  it  was  not  at  all 
like  soil  freshly  taken  from  the  ground. 

As  has  been  stated,  both  the  surface  and  subsoil  at  the  Experiment 
station  is  largely  composed  of  disintegrated  granite.  However,  it  was 
found  to  be  possible,  in  deep  excavations,  to  obtain,  by  sifting,  a  sand 
which  was  almost  entirely  free  from  humus.  The  use  of  sand  was, 
therefore,  begun  during  the  summer  of  1912,  and  it  is  now  believed 
that  the  expense  of  obtaining  this  sand  is  thoroughly  justified  by  the 
results.  No  single  lot  of  sand  is  used  more  than  once,  and  at  no  time 
during  the  season  has  there  been  any  appreciable  amount  of  mould  in 
the  greenhouse.  The  principal  advantage  is  the  uniform  texture  of  the 
sand  and  its  slight  retentive  power  for  moisture,  which  makes  it  drain 
readily  and  makes  it  almost  impossible  for  one  till  of  the  sand  to  have 
more  moisture  than  another.  The  use  of  sand  has  slightly  affected  the 
amount  of  germination  obtained  in  any  given  period,  the  tendency 
being  to  germinate  more  rapidly  in  sand  than  in  loam. 
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Oerminating  Temperatures. 

It  is  a  well-known  fact  that  a  regular  change  of  temperature  during 
each  twent3^-four-hour  period,  if  restricted  to  certain  limits,  stimulates 
the  germination  of  seed.  For  example,  germination  would  probably  be 
more  rapid  and  vigorous  where  the  temperature  reached  90*  during  the 
day  and  dropped  to  50°  at  night  than  where  it  was  constantly  at  70**. 
For  this  reason,  and  because  the  facilities  at  the  station  would  not  per- 
mit of  maintaining  a  uniform  temperature  in  the  greenhouse  without 
great  expense,  the  daily  range  was  established  at  the  outset  at  30°,  the 
extremes  to  be  55°  and  85°  F.  During  the  spring,  summer,  and  fall 
these  temperatures  are  maintained  largely  through  regulation  of  the 
ventilation  of  the  greenhouse.  During  the  winter  aiiificial  heat  is 
necessary  to  prevent  too  low  a  temperature  at  night  and  on  cloudy  days 
to  attain  the  maximum  desired,  but  on  sunny  days  very  little  ari;ificial 
heat  is  required  even  in  the  coldest  weather.  The  greenhouse  is  so 
situated  and  constructed  that  there  is  practically  no  radiation  from  the 
walls ;  and,  if  it  were  necessary,  radiation  could  be  almost  entirely  pre- 
vented by  covering  the  glass  surface  with  canvas  at  night.  The  walls 
of  the  greenhouse  are  of  concrete,  8  inches  thick,  and  two-thirds  of 
the  building  are  under  ground. 

Depth  of  Covering. 

With  the  beginning  of  gerinination  tests  in  the  greenhouse  the  entire 
available  bench  space  was  divided  into  tills  4  inches  deep  and  12  inches 
square,  separated  by  partitions  one-half  inch  thick.  These  tills  are  not 
quite  as  satisfactory  as  movable  flats  on  account  of  the  difficulty  of 
cleaning  the  soil  out  of  them  when  a  seed  test  is  completed,  but  they 
have  considerable  advantage  in  initial  cost.  Whenever  a  new  test  is 
started  in  any  till,  the  till  is  filled  level  full  with  loose  and  freshly 
mixed  soil,  which  is  then  pressed  down  by  means  of  a  board  which 
exactly  fits  the  inside  dimensions  of  the  till.  This  board  has  stoppers 
which  catch  on  the  edge  of  the  till  and  prevent  its  being  pushed  down 
more  than  the  depth  desired  for  the  seed  covering.  When  the  board 
is  removed  a  perfectly  smooth  soil  surface  is  left,  with  the  soil  under- 
neath fairly  compact  and  with  the  depth  of  the  surface  below  the  edges 
of  the  till  uniform  in  all  parts.  The  seed  is  strewn  evenly  over  this 
surface  and  the  till  is  again  slightly  more  than  filled  with  loose  soil, 
the  superfluous  soil  being  scraped  off  by  means  of  a  straight-edge  which 
rests  on  the  edge  of  the  till.  Thus  both  uniform  conditions  under  the 
seed  and  uniform  depth  of  covering  over  the  seed  are  secured. 

At  the  outset  it  was  thought  advisable  to  vary  the  depth  of  covering 
for  different  species  somewhat  in  accordance  with  the  size  of  the  seed. 
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since  in  field  or  nursery  sowing  a  similar  practice  is  almost  universally 
observed.  The  rule  was  established  that  with  species  of  conifers  whose 
seed  averaged  10,000  to  the  pound  or  less,  the  depth  of  covering  would 
be  one-half  inch.  Species  averaging  10,000  to  30,000  to  the  pound 
would  be  covered  three-eighths  inch,  and  seeds  of  species  averaging  over 
30,000  to  the  pound  would  be  covered  one-fourth  inch.  There  was  no 
objection  to  this  procedure,  except  as  evidence  was  secured  that  the  one- 
half-inch  covering  for  yellow  pine,  whose  seed  averaged  less  than  10,000 
per  pound,  was  slightly  too  great  and  retarded  germination.  This  was 
very  apparent  with  the  loam  covering,  especially  in  tills  where  the  soil 
had  a  tendency  to  crust,  and  even  after  the  use  of  sand  was  inaugurated 
the  one-half-inch  covering  was  shown  to  have  a  retarding  effect,  as 
shown  by  the  following  table: 

Table  1. — Germination  of  Western  Yellow  Pine  in  Loam,  and  Sand — Heavy 

and  Light  Coverings* 


Germination  in  loamf 

Germination  in  aand 

Depth 
or  covering 

Force 

Capacity 

Ratio  be- 
tween 
force  and 
capacity 

.  Force 
period 

Force 

Capacity 

Ratio  be- 
tween 
force  and 
capacity 

Force 
period 

^  inch 

^  inch. . . . 

Per  cent 

51  8 
43.3 

Per  cent 

63.3 
58.9 

Pereent 

81.8 
73.5 

Daye 

22.8 
29.8 

Percent 

56.2 
51.2 

Percent 

58.8 
55.4 

Per  cent 

95.6 
92.4 

Day 

24.6 
27.0 

As  a  result  of  this  and  other  investigations,  shortly  after  the  use  of 
sand  was  begun  the  covering  was  made  uniform  for  all  species,  and  is 
now  stipulated  at  one-fourth-inch.  Yellow  pine  is  the  only  commonly 
tested  species  in  District  2  whose  seed  might  have  a  heavier  covering, 
and  not  more  than  three-eighths-inch  covering  could  be  considered  for  it 

Period  of  Oermination. 

Undoubtedly  the  most  important  consideration  in  obtaining  compara- 
ble germination  data  oni  various  lots  of  seed  is  the  period  allowed  for 
germination.  For  economical  reasons  the  ordinary  commercial  seed 
test — ^that  is,  a  test  made  to  determine  the  value  of  seed  for  ordinary  use 
in  forestation — cannot  be  run  indefinitely,  or  even  until  germination 
has  practically  ceased.  Even  aside  from  the  item  of  the  cost  of  such  a 
test,  the  complete  or  final  germination  of  a  lot  of  seed  cannot  be  used  as 

*  There  is  no  comparison  possible  between  sand  and  loam  germination  ex- 
cept by  means  of  the  ratios  between  force  and  capacity,  because  different  seed 
lots  are  involved  In  the  two  groups  of  tests. 

t  Some  data  lacking  for  some  tests,  and  number  of  tests  only  5. 
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a  measure  of  its  value  in. the  field.  It  has  been  definitely  shown  by  ex-» 
perience  in  Gennany  that  while  the  field  value  of  a  lot  of  seed  which 
germinates  vigorously  and  fully  under  test  conditions  may  be  very  near 
the  value  shown  by  the  test,  the  actual  value  of  a  seed  lot  which  germi- 
nates more  sluggishly  and  produces  only  a  low  per  cent  of  final  germina- 
tion is  comparatively  small.  To  illustrate  the  principle,  it  may  be  said 
that  a  lot  of  seed  which  shows  90  per  cent  germination  by  test  might  be 
expected  to  show  80  per  cent  germination  in  the  field,  while  one  which 
tested  only  50  per  cent  could  be  expected  to  germinate  only  to  the  extent 
of  25  per  cent  in  the  field. 

Our  own  experience  has  shown  that  the  germination  of  poor  seed  in  a 
limited  period  is  a  much  smaller  percentage  of  the  final  germination 
than  is  the  germination  of  good  seed  in  a  limited  period.  While,  there- 
fore, the  setting  of  a  definite  limited  period  for  the  germination  of  any 
particular  species  may  not  give  results  exactly  comparable  to  those  ob- 
tained in;  the  field,  it  is  to  be  seen  that  this  germination  in  a  limited 
period  must  bear  a  much  more  definite  relation  to  the  field  germination 
than  would  the  final  germination  under  test  conditions.  In  other  words, 
by  limiting  the  period  of  germination  in  seed  testing,  we  to  a  large  extent 
eliminate  the  factor  of  variability  in  field  results  due  to  the  use  of  poor 
seed.  The  relative  germination  of  a  large  number  of  poor,  medium, 
and  good  lots  of  seed  tested  at  the  Fremont  Station  is  shown  by  the  fol- 
lowing table: 

Tabls  2. — Relative  Amounts  of  Vigorous  Oermination  in  Different  Grades  of 

Seed. 


Ratio  be- 

Datum 

Species 

OerminatiTe 
force 

OerminatiTe 
capacity 

tween  force 

and 

capacity 

Percent 

Ptrcmt 

/^cmt 

10  samples  30-50%  capacity. . . 

Lodgepole  pine. 

28.26 

41.44 

68.2 

27  samples  50-60%  capacity. . . 

Lodgepole  pine. 

43.70 

55.06 

79.4 

28  samples  60-70%  capacity. . . 

Lodgepole  pine. 

55  94 

65.33 

85.6 

23  samples  70-80%  capacity. . . 

Lodgepole  pine. 

65  66 

74.55 

88.0 

3  samples  80-90%  capacity. . . 

Ix>dgepole  pine. 
W.  yellow  pine. 

80.07 

84.27 

95.0 

5  samples  20-40%  capacity. . . 

25.00 

29.68 

84.3 

11  samples  40-60%  capacitv. . 

W.  yellow  pine. 

43.24 

48.38 

89.5 

7  samples  60-80%  capacity. . . 

W.  yellow  pine 

61.06 

67.11 

91.0 

6  samples  80-100%  capacity. . 

W.  yellow  pine. 

88.23 

90.73 

97.2 

3  samples   0-20%  capacity. . . 

Douglas  fir 

10.07 

13.27 

75.9 

5  samples  20-40%  capacity. . 

Douglas  fir 

23.20 

31.08 

74.7 

15  samples  40-60%  capacity. . . 

Douglas  fir 

36.52 

48.91 

74.7* 

5  samples  60-80%  capacity. . . 

Douglas  fir 

70.44 

76.20 

92.4* 

4  samples  80-100%  capacity. . 

Douglas  fir 

83.05 

86.80 

95.7 

*  This  sudden  rise  tn  the  ratio  Is  due  to  the  ahsence  of  Wyoming  samples 
from  the  two  highest  grades. 
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»  When  seed-testing  work  was  seriously  begun  at  the  Fremont  Station 
a  rather  daring  assumption  was  made.  It  was  assumed  that  for  foresta- 
tion  purposes  in  the  central  Bocky  Mountains,  where  conditions  for 
germination  are  seldom  really  favorable  and  where  the  period  of  moder- 
ately favorable  conditions  is  almost  always  short,  only  the  very  vigorous 
germination  shown  under  greenhouse  conditions  would  be  worth  consid- 
ering under  field  conditions.  The  straggling  germination  which  oc- 
curred after  the  seed  had  been  in  the  greenhouse,  say,  25  days  would 
count  for  nothing  in  the  field,  because  after  seed  had  been  in  the  field 
for  25  days  or  more,  conditions  would  be  very  unfavorable  for  germina- 
tion in  most  cases.  In  the  nursery  this  rule  would  not  hold  so  defi- 
nitely; yet  even  there,  where  conditions  for  germination  may  be  main- 
tained indefinitely  by  artificial  watering,  it  is  a  well-known  fact  that 
the  straggling,  late  seedlings  come  to  little  or  nothing  because  of  their 
susceptibility  to  attack  by  damping-off  fungi. 

On  the  above  assumption  a  "germinative  energy**  (or  more  commonly 
called  ''germinative  force")  period  for  each  species  was  established. 
This  was  done  for  the  purposes  of  District  2  by  a  study  of  the  germina- 
tion of  ten  or  more  samples  of  each  species  from  different  parts  of  the 
district.  Five  hundred  seed  of  each  sample  having  been  sown,  the  rule 
was  adopted  that  the  germinative  force  period  for  any  sample  had  termi- 
nated when  the  germination  in  any  single  day  dropped  below  two  seed- 
lings, if  on  the  following  day  the  number  of  seedlings  did  not  exceed  two. 
It  was  found  that  with  yellow  pine,  lodgepole  pine,  and  Engelmann 
spruce  the  period  of  vigorous  germination  for  various  individual  samples 
was  very  uniform,  and  for  each  of  these  species  an  average  period  was 
readily  established.  With  Douglas  fir,  however,  of  which  about  equal 
numbers  of  samples  were  from  Colorado  and  Wyoming,  a  wide  discrep- 
ancy existed,  it  being  found  almost  without  exception  that  the  samples 
from  the  northerly  latitudes  required  a  much  longer  time  to  complete 
their  vigorous  germination  than  samples  from  southerly  latitudes.  For 
this  species,  therefore,  two  distinct  periods  were  decided  upon.  The 
period  to  be  considered,  as  will  be  shown  later,  depends  not  so  much  upon 
the  source  of  the  seed  as  upon  the  place  where  the  seed  is  to  be  used. 

The  force  periods  have  been  to  some  extent  modified  by  the  change 
from  loam  to  sand  in  the  greenhouse,  and  at  present  stand  as  follows  for 
the  four  important  species: 

Yellow  pine 25  days    . 

Lodgepole  pine 31  days 

Douglas  fir — ^for  Wyoming  use 30  days 

Douglas  fir — ^for  Colorado  use 21  days 

Bngelmann   spruce 22  days 
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The  question  at  once  arises  as  to  what  assurance  may  exist  that  the 
limiting  of  the  period  of  germination  will 'not  introduce  a  great  error 
and  thwart  the  purposes  of  the  test,  which  are  to  effect  economy  in  seed. 
Tt  must  be  admitted  that  any  sample  of  lodgepole  pine,  for  example,  may 
under  very  favorable  field  conditions  germinate  to  a  greater  extent  than 
is  indicated  to  be  possible  by  the  limited  greenhouse  test.  Nevertheless, 
the  correctness  of  the  principle  has  been  demonstrated.  During  the 
season  of  1912  there  were  sown  at  the  Fremont  Experiment  Station 
samples  of  10  lots  of  seed  each  of  yellow  pine,  lodgepole  pine,  and  Engel- 
mann  spruce,  and  15  lots  of  Douglas  fir,  under  the  most  favorable  field 
conditions  that  could  possibly  be  expected  in  any  forestation  project  in 
this  region.  Each  of  these  lots  had  previously  been  tested  in  the  green- 
house and  was  sown  both  in  the  spring  and  in  the  summer,  and  each  lot 
was  again  tested  in  the  greenhouse  in  the  fall  of  1912.  The  method  of 
sowing  each  lot  in  the  field  was  to  prepare  an  extremely  large  seed-spot, 
4x4  feet,  stirring  up  the  soil  in  this  area  with  a  grub-hoe,  leveling  the 
surface,  scattering  the  500  seeds  over  this  surface,  and  covering  them 
evenly  with  a  measured  amount  of  soil.  Each  individual  lot  of  seed 
under  test  was  given  a  separate  seed-spot,  and  each  seed-spot  was  sur- 
rounded by  unbroken  ground,"  so  that  the  conditions  roughly  approxi- 
mated those  existing  in  an  ordinary  seed-spot  sowing  operation.  Each 
of  these  spots  was  protected  by  a  screen  cover,  so  that  the  element  of 
rodent  damage  was  absolutely  eliminated.  As  has  been  stated,  these 
conditions  approach  the  ideal  of  field  conditions,  and  are  the  only  field 
conditions  worth  considering,  since  it  would  be  wholly  useless  to  attempt 
to  make  tests  of  seed  which  would  hold  good  under  various  degrees  of 
unfavorable  field  conditions.  The  average  results  with  the  four  species 
tested,  up  to  the  end  of  1912,  are  shown  in  the  following  table : 

Table  3. — Relation  of  Greenhouse  .Germination  in  Limited  Period  and  Field 

Germination  under  Most  Favorable  Conditions. 


Datum 


Germinative  energy  before  field 

test 

Total  germination  from  spring 

field  sowing 

Total  termination  from  summer 

field  sowing 

Germinative  energy  after  field 

tests 

Days   allowed    for    ** energy*' 

period  in  greenhouse 


Weslern 
yellow  pine 


41.4 
38.3 
18.62 
42.2 
25 


Lodgepole 
pine 


Douglas  flr 
(Colorado  only) 


58.4 
12.0 
87.5 
58.4 
27 


42.47 
42.41 
17.64 
44.08 
21 


EuKelniann 

spruce 

(Colorado  only) 


39.3 
35.3 
39.0 
47.2 
22 
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From  this  it  is  seen  that  the  best  field  germination  of  yellow  pine  fell 
3.6  per  cent  below  the  mean  greenhouse  value;  of  lodgepole,  20.9  per 
cent;  of  Douglas  fir,  0.9  per  cent,  and  of  Engelmann  spruce,  8.0  per  cent. 

In  some  cases  the  field  germination  is  probably  not  complete.  Ex- 
perience has  shown  that  any  of  our  four  important  species,  but  more 
particularly  lodgepole  pine  and  Engelmann  spruce,  may  show  consid- 
erable germination  during  the  second  season  after  sowing.  The  fact 
that  the  germinative  "energy"  per  cent  obtained  in  a  limited  number 
of  days  is  a  sufficiently  liberal  figure  to  express  the  field  value  of  the 
seed  is,  however,  pretty  well  proven.  The  individual  tests  show  a  gen- 
eral parallelism  between  this  "energy**  per  cent  and  the  field  results, 
interrupted,  to  be  sure,  by  numerous  exceptions  which  do  not  disprove 
the  rule. 

Seed  Conditions  Affecting  Germination. 

While,  of  course,  it  must  be  admitted,  especially  where  artificial  heat 
is  used  in  extracting  seed  from  the  cones,  that  originally  good  seed  may 
have  been  more  or  less  damaged  in  the  extracting  operation,  it  is  a  fact 
which  has  been  quite  conclusively  proven  in  the  mind  of  the  writer 
that  the  moisture  condition  of  the  seed  itself  at  the  time  when  it  is 
placed  in  the  greenhouse  is  of  the  utmost  importance.  Thus  the 
astounding  fact  has  been  observed,  particularly  with  lodgepole  pine, 
that  of  two  lots  of  seed  which  are  germinated  immediately  after  they 
have  been  extracted  from  the  cones,  that  lot  which  is  the  drier  will 
germinate  the  more  vigorously.  On  the  other  hand,  the  lot  which  is  in 
the  drier  condition  will,  after  several  months  of  air-tight  storage,  show 
no  improvement  or  may  even  show  deterioration,  while  the  moister  lot 
of  seed  will  have  greatly  improved.  This  fact  has  now  been  determined 
for  a  large  number  of  samples,  and  has  been  the  means  of  explaining 
a  great  many  phenomena  which  were  previously  unexplainable.  The 
general  principle  could  not  be  better  illustrated  thjii  by  the  following 
test,  which  involved  thirty  distinct  lots  of  seed  from  three  forests  in 
District  2  (see  Table  4). 

The  most  noteworthy  feature  of  this  table  is  the  high  initial  "energy 
ratio'*  of  the  dry  seed  and  its  lack  of  change  in  eight  months,  while 
the  ratios  for  the  moist  seed  increased  materially.  The  shortening  of 
the  "energy  period"  for  the  moister  seed  is  equally  remarkable.  The 
age  of  the  seed  has,  of  course,  a  direct  influence  on  its  germination. 
Under  very  favorable  conditions  of  storage,  such  as  are  obtained  in  air- 
tight receptacles  and  in  a  room  or  building  with  a  low,  even  tempera- 
ture, depreciation  of  seed  with  age  may  be  very  slight  for  a  number 
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Table  4. — Immediate  and  Later  Germination  of  i 

Dry  and  ^ foist  Seed, 

Datum 

• 

Sepd  drier 

than  air 

0.0  to  —2.0  ^ 

moifeiture 

Seed 

containinfE 

0.1  to  1.0  ii 

moisture 

Seed 

coniaining 

1.1  to  2.0  ^ 

moisture 

Original  gerininative  energy,  per  cent 

Original  germiiiative  capacity,  per  cent . . . 

Ratio,  enerj?y  to  capacity,  per  cent . . . 

8-inonth  germinative  energy,  per  cent 

S-month  germinative  capacity,  per  cent. . . . 

Ratio,  energy  to  capacity,  per  cent . 
Knerjry  period,  oriurinal  (days) 

64.08 
69.88 

91.7 
68.20 
74.28 

91.8 
26  6 
26.6 

63.44 
63.68 

84.0 
66.42 
72. HO 

90.2 
31.6 
27.7 

60.09 
61.02 

82.1 
62.40 
69.42 

89.9 
36.7 

Energy  period,  8-month 

26.9 

of  years,  while  under  less  favorable  conditions  depreciation  may  be 
rapid.  It  is  believed  that  all  experiments  on  this  subject  which  have 
so  far  been  made  have  almost  entirely  overlooked  the  question  of  the 
moisture  condition  of  the  seed  itself  at  the  time  when  placed  in  storage. 
The  data  given  in  the  above  table  tends  to  show  that,  at  least  for  short 
periods,  the  best  results  in  storage  are  obtained  where  the  seed  contains 
about  1  per  cent  more  moisture  than  air-dried  seed.  Just  what  amount 
of  absolute  moisture  this  represents  is  not  known,  but  it  is  believed  that 
the  subject  is  worthy  of  thorough  investigation,  which  it  is  now  being 
given  in  District  2. 

Old  seed  may  not  show  any  material  decrease  in  its  final  germina- 
tion, but  will  show  a  tendency  to  germinate  much  more  slowly  than 
fresh  seed. 

Various  Criteria  of  Seed'Values. 

The  criterion  of  seed  values  which  should  be  used  for  comparing 
different  lots  of  seed  must  depend  very  largely  on  the  purpose  of  the 
comparison.  As  has  been  shown,  the  germinative  "energy'^  is  theo- 
retically and  actually  the  best  criterion  of  the  real  value  of  the  seed  for 
field  sowing  and  makes  possible  a  standardizing  of  seed  values  for  seed 
to  be  used  within  ceri;ain  geographic  confines. 

For  scientific  purposes,  as,  for  instance,  in  comparing  the  seed  from 
different  localities  or  different  kinds  of  trees,  or  for  comparing  the  seed 
from  the  same  locality  during  a  period  of  years,  undoubtedly  the  best 
criterion  is  the  final  germination  or  germinative  capacity.  Tn  District 
2  the  seed  tests  have  never  been  allowed  to  run  until  germination  had 
absolutely  ceased,  but  the  germinative  capacity  has  been  measured  in 
twice  the  number  of  days  allowed  for  showing  the  germinative  energy. 
In  the  case  of  lodgepole  pine,  thirteen  samples  showed  the  following 
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rosults.  (The  average  "energy  period"  for  these  lots,  established  as 
described  in  this  paper,  was  35  days,  being  slightly  greater  than  the 
mean  for  the  species.) 

Grerminative  energy,  35  days 45.48  per  cent 

Germlnative  capacity,  70  days 67. 14  per  cent 

Final  germination,  06  days 71 .90  per  cent 

From  the  above  it  is  seen  that  with  lodgepole,  the  most  slow-germinat- 
ing of  our  species,  the  germination  occurring  after  the  termination  of 
the  arbitrary  capacity  period  averages  only  4.2  per  cent.  The  indi- 
viduals showed  a  maximum  of  7.1  per  cent  and  a  minimum  of  1.8  per 
cent,  this  excess  bearing  no  definite  relation  to  the  total  germination. 
With  yellow  pine  and  the  more  rapid-germinating  species  the  germina- 
tion after  the  termination  of  the  force  period  is  seldom  more  than  this, 
making  it  evident  that  for  any  purpose  demanding  reasonably  com- 
plete germination  the  capacity  germination  is  entirely  adequate. 

For  the  purpose  of  investigations  which  involve  diflferent  methods  of 
treating  the  cones  or  seed,  neither  the  germinative  energy  nor  the 
germinative  capacity  are  wholly  satisfactory  criteria.  This,  it  is  be- 
lieved, is  largely  because  of  the  impossibility,  either  in  taking  samples 
of  cones  or  seed  for  different  treatments,  of  getting  thoroughly  uniform 
samples,  and  there  will,  therefore,  in  the  several  samples  be  inherent 
differences  which  will  affect  the  absolute  germination.  Such  differences 
may  entirely  obscure  the  point  which  it  is  sought  to  demonstrate;  for 
instance,  by  different  methods  of  extracting  or  different  methods  of 
cleaning  the  seed.  On  the  other  hand,  the  ratio  of  germinative  energy 
to  germinative  capacity  is  usually  about  the  same  for  different  lots  of 
seed  grown  under  similar  conditions  and  which  have  imdergone  the 
same  treatment.  This  ratio,  therefore,  will  show  more  clearly  than  any 
other  figure  the  effects  of  different  treatments  in  extracting,  storage,  etc., 
and  is  the  best  criterion  for  investigative  purposes. 

From  the  foregoing  discussion  it  must  be  seen  that  the  problems  met 
in  seed-testing  work  are  decidedly  complicated,  and,  since  it  must  be 
admitted  that  seed-testing  is  very  important  work,  the  desirability  of 
standardizing  the  methods  and  conditions  of  forest-tree  seed-testing  in 
the  United  States  cannot  be  too  strongly  emphasized. 


'Botke^ 
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Delivered  before  the  Society  December  H,  1911 

INTRODUCTION 

Many  of  the  dreams  or  presentiments  of  the  early  scientists  are  now 
coming  true  every  day.  The  dreams  of  the  alchemists  are  now  almost 
within  the  realization  of  modern  chemistry.  The  gropings  of  the  early 
biologists  are  almost  within  reach  of  present-day  experimental  embry- 
ology* aiid  80  on  practically  in  every  science;  at  first  a  presentiment, 
"a  hunch/'  which  cannot  be  substantiated  by  any  scientific  facts.  This, 
later,  with  the  accumulation  of  more  accurate  observations,  is  often 
entirely  denied  or  minimized,  only  to  reappear,  not  as  a  presentiment 
any  more,  but  as  a  scientifically  established  fact. 

From  the  earliest  times  there  existed  among  laymen,  and  even  scien- 
tists, a  belief  that  forests  exercised  an  influence  upon  the  climate  of 
entire  countries.  With  the  introduction  of  accurate  methods  of  mete- 
orological observations,  this  popular  conception  has  seemingly  been 
greatly  discredited.  All  that  most  of  the  meteorologists  were  willing 
to  admit  was  that  forests  have  a  1oc|l1  influence  upon  climate,  extend- 
ing only  over  the  territory  actually  occupied  by  them.  Within  recent 
years,  just  when  this  view  seemed  to  be  completely  disposed  of,  many 
new  facts  came  up  independently  in  dififereiit  countries,  which  point 
strongly  to  the  possibility  of  the  forest  exerting  a  potent  influence  upon 
the  humidity  of  regions  lying  far  away  from  it.  I  shall  attempt  to 
consider  in  the  light  of  these  new  facts  the  conditions  prevailing  in 
the  eastern  part  of  the  United  States,  and  to  establish  a  relation  between 
the  forests  of  the  coastal  plain  and  the  southern  Appalachians,  on  the 
one  hand,  and  the  humidity  of  the  Central  States  and  prairie  region, 
on  the  other. 

There  are  three  fundamental  facts  upon  which,  in  my  judgment,  this 
relation  is  based: 

1.  In  the  eastern  half  of  the  United  States  there  is  a  marked  perio- 
dicity in  the  wind  direction.  In  winter  the  prevailing  winds  are  from 
the  north  and  northwest ;  in  summer  they  are  from  the  south.  When  the 
prevailing  winds  come  from  the  south  the  entire  eastern  half  of  the 
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United  States  is  wet.  When  the  prevailing  winds  are  from  the  north- 
west and  west  the  precipitation  decreases.  Therefore,  the  precipitation 
of  the  eastern  half  of  the  United  States  depends  largely  upon  the  pre- 
vailing southerly  winds  which  come  from  the  Gulf  and  penetrate  far  into 
the  interior  of  the  continent. 

2.  The  evaporation  from  the  ocean  plays  a  comparatively  unimportant 
part  in  the  precipitation  over  the  land ;  seven-ninths  of  the  precipitation 
over  land  is  supplied  by  evaporation  over  the  land  itself,  and  only  two- 
ninths  is  furnished  by  the  evaporation  from  the  ocean.  Therefore,  the 
greater  the  evaporation  from  the  land  which  is  in  the  path  of  the  pre- 
vailing southerly  winds,  the  more  moisture  must  be  carried  by  them  into 
the  interior  of  the  continent. 

3.  The  forest  evaporates  more  water  than  any  vegetative  cover  and 
much  more  than  free  water  surfaces.  Therefore,  forests  enrich  with 
moisture  the  winds  that  pass  over  them,  and  contribute  to  the  humidity 
of  the  regions  into  which  the  prevailing  air  currents  pass. 

PERIODICITY   OF   WIND   DIRECTION   IN   THE  EASTERN   HALF  OP  THE 

UNITED   STATES 

After  Asia,  North  America  is  the  largest  continent  in  the  world- 
One  of  the  most  striking  physiographical  features  of  North  America 
is  that  the  mountains  run  along  the  meridians  and  not  along  parallels. 
The  entire  northern  part  of  the  American  continent  has  no  high  moun- 
tains except  in  the  western  part.  As  the  result  of  this  the  central  part 
of  the  continent  does  not  offer  any  obstruction  to  winds  from  the  30th 
to  ?Oth  degree  of  northern  latitude;  that  is,  from  the  Gulf  of  Mexico 
to  the  Arctic  Sea.  (Even  the  Asiatic  continent  does  not  have  such  a 
large  continuous  area  free  of  mountains  extending  along  the  meridian. 
There  the  greatest  extension  is  from  the  38th  to  the  73d  degree  of 
northern  latitude;  that  is,  from  the  southern  border  of  the  plain  of 
Turan  to  the  northern  shores  of  western  Siberia.)  To  the  south  of  the 
30th  degree  extend  the  waters  of  the  Gulf  of  Mexico.  The  moimtains 
on  the  southern  shore  of  the  Gulf  begin  only  at  19  degrees  of  north 
latitude.  The  North  American  continent,  therefore,  together  with  the 
interior  lakes,  forms  an  expanse  for  the  movement  of  the  air  between 
the  tropical  and  Arctic  regions,  such  as  is  found  outside  of  it  only  on 
large  oceans;  in  the  northern  hemisphere,  on  the  Atlantic  Ocean. 

Another  climatic  peculiarity  of  the  eastern  United  States  which  has 
a  bearing  upon  the  question  under  discussion  is  the  rapid  decrease  in 
temperature  from  south  to  north.  Take,  for  instance,  Labrador;  it  is 
entirely  an  Arctic  region,  where  agriculture  is  impossible.    Yet  it  lies 
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in  latitudes  at  which  in  Europe  and  Asia  agriculture  is  still  flourishing 
and  laxge^  populous  cities  are  found  (in  53d  to  60th  degree  nori;hem 
latitude  are  found  Christiania,  St.  Petersburg).  Florida,  on  the  other 
hand,  between  25th  and  30th  degree  of  north  latitude,  is  almost  a 
tropical  country.  Between  Florida  and  Labrador  the  drop  of  tempera- 
ture for  each  degree  of  latitude  (60  miles)  is  for  January  2.9**  F.,  for 
July  1.08**  F.,  and  for  the  entire  year  1.7**  F.  Comparing  the  same 
latitudes  in  Europe  the  drop  for  each  degree  of  latitude  is  less  than 
half  of  that  for  the  North  American  continent.  Between  the  Canary 
Islands  and  northern  Scotland  the  decrease  in  the  mean  annual  tem- 
perature for  one  degree  of  latitude  is  only  0.8  of  a  degree. 

Climatically  the  North  American  continent  can  be  divided  into  three 
parts : 

1.  The  narrow  strip  along  the  Pacific  Ocean,  which  is  separated  from 
the  interior  of  the  continent  by  mountain  ranges.  This  narrow  strip 
from  the  Peninsula  of  California  to  the  southern  shore  of  the  Penin- 
sula of  Alaska,  from  the  32d  to  the  60th  degree  of  northern  latitude,  is 
under  the  influence  of  the  Pacific  Ocean,  as  it  is  open  to  the  west,  while 
in  the  east  high  mountains  separate  it  from  the  interior  of  the  conti- 
nent; and  as  western  winds  are,  as  a  rule,  the  strongest  winds  in  the 
northern  hemisphere,  it  is  only  natural  that  westerly  and  northwesterly 
winds  prevail  in  this  part  of  the  country,  both  in  summer  and  winter. 

2.  The  region  of  mountains  and  plateaus  to  the  east  of  the  Cascades 
and  Sierra  Nevada  ranges.  This  extends  not  only  to  the  Rocky  Moun- 
tains, but  beyond  the  Eocky  Mountains  to  the  100th  meridian.  The 
high  plateaus  and  the  low  valleys  of  this  region  are  characterized  by 
extreme  dryness,  and  only  in  the  mountains  does  the  snow  and  rain 
fall  in  any  abundance.  The  dryness  is  due  to  the  fact  that  the  pre- 
vailing westerly  winds  give  off  the  moisture  on  the  western  slopes  of 
the  Sierra  Nevada  and  Cascades,  and  become  dry  winds  on  the  leeward 
side  of  these  mountains.  During  the  winter  the  prevailing  winds  are 
from  the  west  and  northwest,  but  in  the  summer  the  direction  of  the 
wind  changes  considerably,  becoming  southwesterly.  This  change  in 
the  direction  of  the  wind  in  summer  has  been  observed  even  on  Pikes 
Peak,  but  is  still  more  pronounced  in  the  valleys  and  on  the  plateaus. 

3.  Since  the  Appalachian  Mountains  do  not  offer  a  climatic  bound- 
ary', the  entire  eastern  part  of  the  North  American  continent  east  of 
the  100th  meridian  can  be  considered  climatically  as  one  unit.  This 
climatic  region  is  the  largest  of  the  three,  including  the  Atlantic  plain, 
the  Mississippi  Valley,  except  the  upper  part  of  its  western  tributaries, 
and  the  Lake  region  to  the  Hudson  Bay.     During  winter  and  partly 
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in  the  fall  and  in  the  early  spring  the  winds  in  this  region  come  from 
the  west  and  northwest.  These  prevailing  winds  bring  cold  and  com- 
paratively dry  air  from  the  interior  of  the  continent.  In  the  spring 
and  early  summer  these  winds  are  hot  and 'dry.  In  summer  the  pre- 
vailing winds  are  from  the  southeast  in  Texas,  and  fari;her  nori;h  and 
east  they  come  from  the  south,  and  southwest.  Professor  Henry,  in  his 
"Climatology  of  the  United  States,*'  says  that  in  midwinter  north- 
westeriy  winds  prevail  uniformly  over  the  Missouri  Valley  and  the  upper 
and  middle  portions  of  the  lilississippi  Valley.  As  the  spring  advances, 
the  region  of  southeast  to  south  winds  spreads  noithward  and  eastward 
from  the  Texas  coast,  so  that  by  April  it  embraces  the  States  of  Texas, 
Oklahoma,  Arkansas,  Mississippi,  Louisiana,  Alabama,  western  Ten- 
nessee, Missouri,  Kansas,  southeastern  Nebraska,  and  Iowa.  By  June 
the  nori;hwest  winds  of  midwinter  have  been  supplanted  by  southeriy 
winds  over  practically  the  whole  of  the  country  east  of  the  Rocky 
Mountains.  In  autunm  the  northwest  winds  become  more  frequent, 
and  as  autumn  shades  into  winter  they  gain  the  ascendency  in  the  Mis- 
souri and  Mississippi  valleys  and  the  plain  States. 

The  periodicity  is  well  illustrated  on  the  two  maps,  on  which  are  in- 
dicated by  arrows  the  direction  of  the  prevailing  winds,  baaed  on  twenty 
years  of  continuous  records,  and  by  lines  and  colors  the  mean  precipita- 
tion for  the  months  of  July  and  January.  The  map  for  the  month  of 
July  is  typical  for  the  sunmier  period,  and  the  one  for  the  month  of 
January  is  typical  for  the  winter  period.  These  maps  show  very  cleariy, 
it  seems  to  me,  that  the  eastern  half  of  the  United  States  is  under  the 
influence  of  two  prevailing  winds;  one,  which  originates  in  the  Qulf 
of  Mexico  and  in  the  Atlantic  Ocean,  is  mild  and  humid;  the  other, 
which  comes  from  the  interior  of  the  continent  and  from  the  Rockv 
Mountain  region,  is  dry  and  continental  in  character;  that  is,  dry  and 
cold  in  winter  and  dry  and  hot  in  the  spring  and  sunmier. 

Another  important  fact  which  the  records  of  precipitation  and  wind 
direction  establish  is  that  there  is  a  most  intimate  relation  between  the 
prevailing  southerly  winds  and  precipitation  in  the  eastern  half  of  the 
United  States.  It  is  during  the  summer  period,  when  the  entire  eastern 
half  of  the  United  States  is  under  the  influence  of  the  southerly  winds, 
that  most  of  the  precipitation  falls  over  it.  On  the  plains  east  of  the 
Rockv  Mountains  the  summer  rainfall  forms  from  three-fourths  to  four- 
fifths  of  that  of  the  entire  year.  You  will  notice  that  in  July,  when 
the  southerly,  southwesterly,  and  southeasterly  winds  extend  far  into 
the  interior  of  the  continent  as  far  north  as  North  Dakota  and  as  far 
west  as  the  foothills  of  the  Rocky  Mountains  and  even  into  eastern  New 
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Mexico  and  as  far  east  as  New  England,  the  precipitation  over  the  entire 
eastern  half  of  the  United  States  is  very  heavy.  In  winter  the  picture 
of  both  wind  direction  and  precipitation  is  radically  changed.  The 
northerly  and  northwesterly  winds  have  not  the  same  pronounced  per- 
sistence as  the  summer  winds.  Yet,  through  the  entire  South — ^Texas, 
Louisiana,  and  Mississippi — as  well  as  the  Atlantic  States,  the  Lake 
States,  and  the  Central  States,  the  prevailing  winds  are  northerly  and 
northwesterly.  At  the  same  time  there  is  a  perceptible  decrease  in  pre- 
cipitation through  the  entire  eastern  half  of  the  United  States,  and  where 
in  July  there  fell  as  much  as  three  inches  of  rain,  in  January  there  is 
less  than  one  inch,  and  where  in  July  there  fell  as  much  as  five  inches, 
there  is  in  January  less  than  two  inches. 

This  increase  and  decrease  in  precipitation  over  the  eastern  half  of 
the  United  States,  with  change  in  the  direction  of  the  wind,  points  to 
the  fact  that  the  eastern  half  of  the  United  States  depends  for  its 
moisture  upon  the  prevailing  southerly  winds,  which  originate  in  the 
Gulf  of  Mexico  and  the  Atlantic  Ocean. 

Professor  Willis  Moore,  therefore,  is  entirely  right,  it  seems  to  me, 
when  he  claims  that  the  Pacific  Ocean  has  little  influence  upon  the  pre- 
cipitation of  the  eastern  half  of  the  United  States,  as  Gannett  and  Bailey 
Willis  have  tried  to  prove.  It  is  possible  that  some  of  the  vapor  that 
originates  in  the  Pacific  Ocean  drifts  over  the  tops  of  the  mountains  and 
during  winter  is  drained  of  its  moisture  by  the  excessive  cold.  This 
moisture  may  be  precipitated  in  the  form  of  snow  over  such  States  as 
North  Dakota,  but  the  amount  cannot  be  very  great. 

The  central  interior  region  of  the  United  States  is  thus  the  battle- 
ground of  two  titanic  forces,  of  which  one  is  harmful  and  the  other  is 
beneficial.  The  beneficial  force  takes  its  origin  in  the  Gulf  of  Mexico 
and  the  adjoining  ocean,  the  harmful  in  the  interior  of  the  continent 
and  the  Bocky  Mountain  region,  and  whether  it  comes  as  the  warm 
Chinook  winds  which  blow  out  of  the  northern  Eockv  Mountains,  or  as 
the  dry  westerly  winds  of  the  upper  Mississippi  Valley  and  the  western 
Lake  region,  occurring  especially  in  the  spring  and  early  summer,  it 
always  carries  in  its  wake  serious  injury  to  orchards  and  fields.  • 

The  Central  States  and  the  prairie  region  are  geographically  at  the 
point  where  the  battle  between  the  two  forces  is  fiercest  and  the  victory 
is  now  on  the  one  side  and  now  on  the  other,  being  dependent  upon  the 
cold  and  humid,  and  the  warm  and  dry,  climatic  cycles  as  well  as  upon 
the  seasons  of  the  year. 

When  the  humid  southerly  winds  extend  their  influence  far  into  the 
interior  of  the  continent  and  overpower  the  dry  continental  winds,  the 
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Central  States  and  prairie  region,  the  granary  of  the  United  States, 
produce  large  crops.  When  the  dry  winds  overpower  the  humid  south- 
erly winds  there  are  droughts  and  crop  failures. 

The  southerly  winds  on  their  way  from  the  Gulf  of  Mexico  do  not 
meet  any  mechanical  obstructions.  Since  the  Appalachian  Mountains, 
running  in  a  northeasterly  and  southwesterly  direction,  do  not  hamper 
their  passage,  they  are  capable  of  penetrating  far  into  the  interior  of 
the  country,  and,  therefore,  determine  the  amount  of  precipitation,  even 
in  such  States  as  Minnesota,  Nebraska,  North  and  South  Dakota.  The 
moisture-laden  winds  from  the  Gulf,  as  soon  as  they  reach  the  land  and 
encounter  irregularities,  are  cooled  and  begin  to  lose  part  of  their 
moisture  in  the  form  of  precipitation. 

As  long  as  the  air  currents  are  saturated  with  moisture  the  slightest 
cooling  or  irregularity  of  the  land  that  causes  them  to  rise  will  cause 
precipitation.  But  as  they  move  inland  and  become  drier  the  remain- 
ing moisture  is  given  off  with  difficulty  and  precipitation  decreases. 
The  sooner  the  humid  air  currents  in  their  passage  over  land  are  drained 
of  their  moisture,  the  shorter  is  the  distance  from  the  ocean  over  which 
abundant  precipitation  falls;  the  longer  the  moisture  is  retained  in  the 
air  currents,  the  farther  into  the  interior  will  it  be  carried  and  the 
larger  will  be  the  area  over  which  precipitation  will  be  distributed. 

If  precipitation  over  land  depended  only  on  the  amount  of  water 
directly  brought  by  the  prevailing  humid  winds  from  the  ocean,  the 
land  would  be  pretty  arid  and  rainfall  would  he  confined  to  only  a 
narrow  belt  close  to  the  ocean.  Fortunately,  not  all  the  water  that  is 
precipitated  is  lost  from  the  air  currents ;  a  part  runs  off  into  the 
rivers  or  percolates  into  the  ground,  but  a  large  part  of  it  is  again 
evaporated  into  the  atmosphere.  The  moisture-laden  currents,  there- 
fore, upon  entering  land  at  first  lose  the  moisture  which  they  obtained 
directly  from  the  ocean,  but  in  their  farther  movement  into  the  interior 
they  absorb  the  evaporation  from  the  land.  Hence  the  farther  from 
the  ocean  the  greater  is  the  part  of  the  air  moisture  contributed  by 
evaporation  from  the  land.  At  a  certain  distance  from  the  ocean  prac- 
tically atl  of  the  moisture  of  the  air  must  consist  of  the  moisture 
obtained  by  evaporation  from  the  land.  At  least  it  must  form  a  larger 
part  than  the  water  which  was  obtained  directly  by  evaporation  from  the 
oceans. 

The  vapor  brought  by  the  prevailing  winds  from  the  ocean  is  many 
times  turned  over  or  reinvested  before  it  is  returned  again  to  the  ocean 
through  the  rivers. 

If  we  could  reduce  the  surface  run-off,  and  at  its  expense  incn^ase  the 
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evaporation  from  the  land,  we  would  thereby  increase  the  moisture  of 
the  passing  air  currents,  and  in  this  way  contribute  to  the  precipitation 
of  that  region  into  which  the  prevailing  winds  blow.  This  conclusion 
is  almost  axiomatic,  and  there  can  be  no  dispute  about  it. 

"continental"  and  "ocean"  vapor 

For  a  long  time  it  has  been  accepted  without  any  question  that  all 
the  vapor  that  is  condensed  in  the  form  of  rain  or  snow  over  the  land 
surface  is  furnished  by  the  evaporation  of  water  from  the  oceans. 

The  part  which  vapor  from  the  ocean  plays  in  the  precipitation  over 
land  has  been  altogether  exaggerated,  and  it  is  hardly  possible,  therefore, 
to  agree  with  Professor  Moore  when  he  says  that  "the  precipitation 
over  the  eastern  part  of  the  United  States  is  derived  entirely  from  the 
evaporation  from  the  Gulf  of  Mexico  and  the  Atlantic  Ocean." 

A  noted  European  meteorologist,  Professor  Bruckner,  author  of  a 
classical  work  on  the  climatic  fluctuations,  has  computed  the  amount  of 
water  evaporated  from  the  ocean  surface,  land  surface,  and  the  amount 
of  water  which  is  returned  to  the  oceans  and  the  land  in  the  form  of 
precipitation.  The  balance  sheet  of  the  circulation  of  water  on  the 
earth's  surface  is  made  up  as  follows : 

CIRCULATION  OF  WATER  ON  THE  EARTH*S   SURFACE  BALANCE  SHEET. 


Cubic  milex 
TRpor 

Depth, 
inches 

cent 

A.  Entire  earth  surface  (196,911,000  square  miles). 

Evaporation  from  water  surfaces 

Evaporation  from  land  surfaces 

,92,  121 
■^■23,270 

29.5 
7.5 

•  80 

20 

Precipitation  on  entire  earth  surface 

115, 391 

92, 121 
~  5,997 

37.0 

41.3 
2.8 

100 

B.  Oceans  (141,312,600  square  miles). 

Evaporation  from  oceans 

100 

Amount  of  ocean  vapor  carried  to  the  land  (net'). . . 

7 

C.   Peripheral  land  area  (44,0l5,400  square  miles). 
Ocean  vapor  ( net) 

86, 124 

,    6,997 
■T"  20, 871 

38.5 

8.7 
29.9 

93 
29 

Continental  vapor  from  the  peripheral  land  surface. 

100 

Precipitation  over  the  peripheral  land  area 

26, 8(i8 
2,399 

38.6 
13.0 

129 

D,  Closed  interior  basins  with  no  drainage  to  the  ocean 
(11,58:5,000  square  miles). 
Evaporation  from  closed  basins 

100 

Precipitation  over  closed  basins 

2,399 

13.0 

100 

f 

'/  «.,  the  difference  between  the  amount  of  vapor  that  escapes  from  land  to  the 
ocean  and  from  the  ocean  to  land. 
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The  continental  vapor  which  is  fed  from  the  periphery  of  the  land 
surface  is  thus  about  21,000  cubic  miles.  It  plays,  therefore,  an  im- 
portant part  in  supplying  the  moisture  to  the  air,  even  a  more  important 
part  than  the  vapor  directly  fed  from  the  ocean.  The  peripheral 
regions  of  the  continents,  i.  e.,  the  regions  tributary  to  oceans,  are 
capable  of  supplying  sevenrnintks  of  the  precipitation  by  evaporation 
from  their  own  areas.  The  moisture  which  is  carried  by  the  winds  into 
the  interior  of  vast  continents,  thousands  of  miles  from  the  ocean,  is 
almost  exclusively  due  to  continental  vapors  and  not  to  evaporation  from 
the  ocean. 

In  the  interior  enclosed  basins  the  precipitation  and  evaporation,  as 
a  rule,  are  equal  to  each  other. 

Bruckner  figures  for  entire  earth's  surface  are  corroborated  also  by 
studies  of  specific  drainage  areas.  The  most  interesting  study  in  this 
connection  is  that  by  Professors  Francis  E.  Nipher*  and  George  A. 
Lindsay  on  the  rainfall  of  the  State  of  Missouri  and  the  discharge  of 
the  Mississippi  Eiver  at  St.  Louis,  Mo.,  and  Carrollton,  La.  Xipher 
found  that  the  average  discharge  of  the  Mississippi  River  at  St.  Louis 
during  the  ten  years  ending  December  31,  1887,  was  190,800  cubic  feet 
per  second.  The  amount  of  water  falling  per  second  upon  the  whole 
State  during  the  same  interval  was  195,800  cubic  feet  per  second,  or 
equal  within  two  per  cent  to  the  discharge  of  the  Mississippi  Biver  at 
St.  Louis.  If,  however,  a  comparison  is  made  between  the  total  rain- 
fall on  the  basin  draining  past  St.  Louis  and  the  river  discharge  at  this 
point,  it  appears  that  the  drainage  area  of  the  Mississippi  and  Missouri 
rivers  above  St.  Louis  is  733,120  square  miles,  or  over  ten  times  the 
area  of  Missouri.  These  figures  show  what  small  portion  of  the  total 
rainfall  over  the  drainage  basin  of  the  Mississippi  Biver  is  led  into  the 
rivers  and  conducted  back  to  the  sea.  It  is  evident  that  by  far  the 
larger  portion  of  the  precipitation  that  falls  over  the  drainage  basin  is 
evaporated  back  from  the  land  into  the  atmosphere,  and  is  not  returned 
to  the  sea  through  the  medium  of  drainage.  These  figures  show  fur- 
ther that  the  source  of  precipitation  of  the  Mississippi  drainage  is  from 
evaporation  over  the  land  and  not  derived  from  evaporation  over  the 
sea.  Mr.  Lindsay*  computed  the  discharge  of  the  Mississippi  Biver  at 
Carrollton,  La.,  and  found  that  the  average  for  fourteen  years  was  117 

•Francis  E.  Nipher:  "Report  on  Missouri  Rainfall,  with  Averages  for  Ten  Years 
ending  Dec-ember,  1887.**  TransadionB  of  the  Academy  of  Science  of  SL  LouUy  Vol.V., 
p.  383. 

*  Geo.  A.  Lindpay :  '*The  Annual  Hainfall  and  Temperature  of  the  United  States." 
TraruactioTis  of  the  Academy  of  Science  of  St.  LouiSf  June,  1912. 
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cubic  miles  per  pear,  or  545,800  cubic  feet  per  second,  which  is  less  than 
three  times  the  precipitation  over  the  State  of  Missouri. 

The  central  portion  of  the  United  States  is  distinctly  a  continental 
region,  particularly  the  prairie  region,  which  suffers  from  lack  of  pre- 
cipitation. On  the  other  hand,  large  areas  in  the  South  and  South- 
east suffer  from  too  much  humidity  because  of  large  swamps,  which  is 
caused  not  only  by  excessive  precipitation,  but  also  by  deficient  evap- 
oration. Not  only  the  south  and  southeastern  areas  suffer  from  too 
much  water,  but  also  many  portions  in  the  North  and  Northeast,  where 
the  evaporation  is  also  very  slight.  We  have,  therefore,  two  extremes 
on  the  periphery  of  the  United  States:  (1)  In  the  States  adjoining  the 
Atlantic  Ocean  and  the  Gulf  of  Mexico  there  is  an  excess  of  moisture 
on  the  ground,  both  on  account  of  excessive  precipitation  and  slight 
evaporation;  (2)  in  the  vast  interior  of  the  Central  United  States,  on 
the  other  hand,  there  is  a  deficiency  of  moisture,  both  on  account  of  the 
scant  precipitation  and  of  the  intense  evaporation.  Is  there  not  some 
connection  between  these  two  extremes?  Is  it  not  possible  that  changes 
which  take  place  in  one  part  of  this  vast  region  may  exert  some  influ- 
ence on  the  condition  of  the  other?  We  have  seen  that  in  the  Central 
States  in  sunmier  the  prevailing  westerly  and  northwesterly  winds  give 
way  to  southerly  and  southeasterly  winds.  In  other  words,  in  the  sum- 
mer the  Central  States  are  under  the  influence  of  moist  winds,  just  at 
the  time  when  the  evaporation  is  the  greatest  and  the  forest  vegetation 
is  especially  active.  It  seems,  therefore,  that  the  amount  of  moisture 
evaporated  within  the  more  moist  region  of  the  United  States  can  in- 
fluence the  conditions  of  humidity,  not  only  in  the  States  close  to  the 
ocean,  but  also  in  the  region  into  which  the  prevailing  moist  winds  flow. 
The  more  moisture  there  is  evaporated  from  the  ground  in  the  south- 
em  and  southeastern  portions  of  the  United  States,  the  moister  must 
be  the  air  in  the  Central  States  and  the  more  precipitation  must  fall 
there. 

FOREST  THE  GREATEST  EVAPORATOR  OF  WATER 

What  are  the  sources  from  which  the  evaporation  on  land  is  the 
greatest?  The  evaporation  from  a  moist,  bare  soil  is,  on  the  whole, 
greater  than  from  a  water  surface,  especially  during  the  warm  season 
of  the  year  when  the  surface  of  the  soil  is  heated.  A  soil  with  a  living 
vegetative  cover  loses  moisture,  both  through  direct  evaporation  and 
absorption  by  its  vegetation,  much  faster  than  bare,  moist  soil  and  still 
more  than  free  water  surface. 

The  more  developed  the  vegetative  cover,  the  faster  is  moisture  ex- 
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tracted  from  the  soil  and  given  off  into  the  air.  The  forest  in  this 
respect  is  the  greatest  desiccator  of  water  in  the  gronnd. 

The  latest  experiments  of  Russian  agronomists  and  foresters,  corrob- 
orated by  similar  observations  in  France  and  Germany,  hav^  proved  that 
in  level  or  slightly  hilly  regions  the  forest  has  a  desiccating  effect  upon 
the  ground,  causing  the  water-table  to  be  lower  under  forest  than  in 
the  adjoining  open  fields.  Professor  Henry,  in  his  recent  investigations 
on  the  effect  of  forests  upon  ground  waters  in  level  country,  has  foimd 
that  the  minimum  depression  of  the  water-table  produced  by  the  trans- 
piration of  forest  trees  in  the  Mondon  forest,  near  Luneville,  France, 
amounts  to  11.8  inches.  With  a  porosity  of  the  soil  strata  ranging 
between  45  and  55  per  cent,  such  depression  would  correspond  to  a  rain- 
fall of  5.9  inches,  which  amount  to  21,443  cubic  feet  per  acre.  This 
amount  of  water  given  off  by  the  forest  into  the  air  obviously  con- 
tributes greatly  to  the  moisture  content  of  the  atmosphere  above  the 
forest.  Dr.  Franz  B.  von  Hohnel,  of  the  Austrian  forest  experiment 
station  at  Mariabrunn,  carried  on  observations  for  a  period  of  three 
years  (1878-1880)  upon  the  amount  of  water  transpired  by  forests. 
He  found  that  one  acre  of  oak  forest,  115  years  old,  absorbed  in  one 
day  from  2,227  to  2,672  gallons  of  water  per  acre,  which  corresponds 
to  a  rainfall  of  from  0.09  to  0.115  inch  per  day,  or  2.9  to  3.9  inches 
per  month.  Taking  the  period  of  vegetation  as  five  months,  the  absorp- 
tion of  water  would  be  158,895  cubic  feet,  which  represents  a  rainfall 
for  this  period  of  17.7  inches.  This  amount  of  water  is  given  off 
merely  through  transpiration  from  the  leaves  and  does  not  include  the 
physical  evaporation  from  the  surface  of  twigs,  branches,  and  leaves. 
These  figures,  while  only  approximate,  give  an  idea  of  the  enormous 
quantities  of  water  given  off  by  forests  into  the  air,  which  has  justly 
given  them  the  name  of  the  ^^oceans  of  the  continent.'* 

The  most  valuable  and  complete  work  on  the  subject  is  by  Otozky, 
a  Russian  geologist  and  soil  physicist,  which  appeared  as  a  publication 
of  the  forest  experiment  stations.  Otozky  worked  up  an  enormous 
amount  of  observations,  both  his  personal  and  those  furnished  him  by 
other  people,  and  did  not  find  a  single  contradictory  fact.  His  con- 
clusion is  that  the  forest,  on  account  of  its  excessive  transpiration,  con- 
sumes more  moisture,  all  other  conditions  being  equal,  than  a  similar 
area  bare  of  vegetation  or  covered  with  some  herbaceous  vegetation. 
The  amount  of  water  consumed  by  forests  is  nearly  equal  to  the  total 
annual  precipitation ;  in  cold  and  humid  regions  it  is  somewhat  below 
this  amount,  and  in  warmer  and  dry  regions  it  is  above  it. 
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This  enormous  amount  of  moisture  given  off  into  the  air  by  the 
forest,  which  ma}'  be  compared  to  clouds  of  exhaust  steam  thrown  into 
the  atmosphere,  must  play  an  important  part  in  the  economy  of  nature. 

If  the  present  area  occupied  by  forests  in  the  Atlantic  plain  and  the 
Appalachian  region  were  instead  occupied  by  a  large  body  of  water,  no 
meteorologist  would  hesitate  for  a  moment  to  admit  that  the  water  sur- 
face has  a  perceptible  influence  upon  the  humidity  of  the  Central  States 
and  prairie  region.  Should  not,  therefore,  forests  which  give  off  into 
the  atmosphere  much  larger  quantities  of  moisture  than  free  water  sur- 
face have  at  least  a  similar  influence  upon  the  regions  into  which  the 
prevailing  air  currents  flow? 

If  the  southern  and  southeastern  winds,  in  their  passage  toward  the 
north,  northwest,  and  northeast,  in  the  spring  and  summer,  did  not 
encounter  the  vast  forest  areas  bordering  the  shores  of  the  Gulf  of 
Mexico  and  the  Atlantic  coast  and  those  of  the  southern  Appalachian, 
and,  therefore,  were  not  enriched  with  enormous  quantities  of  moisture 
given  off  by  them,  the  precipitation  in  the  Central  States  and  the 
prairie  region  would  undoubtedly  be  much  smaller  than  it  is  now. 

What  would  be  the  effect  of  complete  or  even  partial  destruction  of 
forests  in  the  Atlantic  plain  and  in  the  southern  Appalachian  Moun- 
tains upon  the  humidity  of  the  continental  portion  of  the  United  States? 
As  the  mean  temperature  in  the  eastern  part  of  the  United  States  drops 
rapidly  from  south  to  north,  the  moisture-laden  air  currents  upon  enter- 
ing land  would  be  cooled  off  and  rapidly,  drained  of  their  moisture 
within  a  comparatively  short  distance  from  the  ocean.  The  sandy  soil, 
which  is  so  characteristic  of  the  southern  pine  belt  of  the  Gulf  and 
south  Atlantic  States,  would  rapidly  absorb  the  rain  which  would  per- 
colate into  the  ground,  without  returning  much  of  it  into  the  atmos- 
phere. The  rain  falling  upon  the  slopes  of  the  mountains  would  rap- 
idly run  off  into  streams.  While  direct  evaporation  from  the  ground 
not  sheltered  by  forest  cover  may  become  greater,  yet  the  more  rapid 
run-off  and  the  absence  of  transpiration  by  trees  would  necessarily 
reduce  the  total  amount  of  water  evaporated  into  the  atmosphere.  The 
land,  were  it  even  taken  up  for  agriculture,  would  not  return  such  large 
quantities  of  rain  into  the  atmosphere  as  the  forests  did.  The  inev- 
itable-result would  be  that  less  moisture  would  be  carried  by  the  pre- 
vailing winds  into  the  interior  of  the  country,  and  therefore  less  pre- 
cipitation would  occur  there.  Such  is  the  influence  of  forests  in  a  level 
or  a  hilly  country. 

Whether  forests  in  the  mountains  have  the  same  effect  as  forests  in 
level  countries  upon  the  precipitation  of  the  regions  into  which  the 
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prevailing  winds  that  pass  over  them  blow  is  diflBeult  to  determine. 
The  problem  is  more  complicated  for  the  reason  that  high  mountain 
chains  exert  an  influence  upon  the  direction  of  the  winds,  not  only  by 
presenting  a  mechanical  obstruction  to  the  free  passage  of  the  air,  but 
also  on  account  of  the  difference  in  the  heating  of  the  different  slopes. 

A  moist  current  of  air  in  passing  over  a  mountain  chain  undergoes 
several  changes.  It  is  known  that  the  air  in  ascending  becomes  cooler. 
The  temperature  of  not  fully  saturated  air  decreases  1°  F.  for  every 
182  feet  of  ascension.  In  ascending  the  mountain  slope  the  water- 
holding  capacity  of  the  air  decreases  until  the  saturation  point  is 
reached,  and  fogs,  clouds,  and  precipitation  begin  to  form.  The  fur- 
ther cooling  of  the  air  is  counteracted  to  some  extent  by  the  heat  that 
is  given  in  the  process  of  the  condensation  of  vapor.  This  further  cool- 
ing, therefore,  proceeds  only  at  the  rate  of  about  0.5°  F.  for  ever}'  182 
feet  of  ascension,  or  only  half  as  much  as  when  the  air  is  dry.  After 
the  air  current  has  passed  the  crest  of  the  mountain  and  lost  an  amount 
of  moisture  corresponding  to  the  temperature  which  it  had  at  the  time 
of  passage,  it  descends  on  the  leeward  side  and  becomes  heated. 

In  its  descent  it  absorbs  the  fogs  and  clouds.  In  this  process  it  con- 
sumes some  heat.  The  further  heating  goes  on  at  the  rate  of  1®  P. 
for  everv  182  feet  of  descent.  The  more  moisture  there  is  extracted 
on  the  windward  side  of  the  slope,  the  greater  is  the  temperature  of  the 
air  on  the  leeward  side. 

If,  for  instance,  an  air  current  before  ascending  had  a  temperature 
of  50°  F.  at  a  barometric  pressure  of  30  inches,  and  the  crest  over 
which  it  passed  was  9,900  feet  high,  then,  on  the  leeward  side  at  the 
same  altitude  at  which  it  began  to  ascend,  it  would  not  have  a  tempera- 
ture of  50°  F.,  but  of  77°  F.  at  a  relative  humidity  of  21  per  cent. 
At  other  ascensions  by  the  same  current  of  air,  the  same  changes  would 
take  place.  But  new^  precipitation,  as  a  rule,  begins  on  the  next  chain 
of  mountains  only  at  an  altitude  equal  to  that  of  the  crest  of  the  previous 
mountain  chain  over  which  the  current  of  air  has  passed. 

Professor  Mayr"  has  shown  that  wherever  there  are  several  parallel 
chains  of  mountains  perpendicular  to  the  moist  air  current,  such  as  are 
found  on  the  Pacific  coast,  of  which  each  one  is  higher  than  the  previous 
one,  the  forest  appears  in  each  consecutive  mountain  chain  only  from 
an  altitude  equal  to  the  altitude  of  the  top  of  the  preceding  chain  over 
which  the  air  current  has  passed.  Between  the  mountain  chains  there 
remain  treeless,  dry  valleys.  This  is  strikingly  observed  in  the  Pacific 
coast  and  Rocky  Mountains,  as  well  as  in  Caucasus  and  Turkestan. 

» "  Waldungen  von  Nord  Amerika.'' 
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As  a  rule,  the  moist  air  currents,  in  passing  over  wooded  slopes,  being 
chilled,  deposit  most  of  their  precipitation  on  the  windward  side.  It  is 
only  in  exceptional  cases,  such  as  when  the  air  that  passes  over  the 
wooded  slopes  is  not  fully  saturated,  or  when  warm  currents  rise  from 
below,  that  the  air  current,  instead  of  depositing  moisture,  becomes 
enriched  with  moisture  and  carries  it  over  the  crest  to  the  regions  lying 
farther  on  its  way. 

This  may  occur  on  southern  slopes,  which  are  apt  to  become  warm. 
The  influence  of  wooded,  windward  slopes  upon  the  humidity  of  the 
regions  lying  to  the  leeward  side  of  the  mountain  chains,  therefore, 
varies.  It  is  apparent,  however,  that,  while  the  forests  in  the  moun- 
tains at  right  angles  to  prevailing  moist  winds  have  a  marked  influence 
upon  local  precipitation,  their  influence  upon  the  humidity  of  regions 
lying  to  the  leeward  of  them  cannot,  on  the  whole,  be  very  great. 

CONCLUSIONS 

If  the  effect  of  mountainous  forests  upon  the  precipitation  of  regions 
lying  in  the  lee  of  them  is  not  entirely  clear  to  us,  the  effect  of  forests 
in  wide  plains  of  continents,  especially  in  the  path  of  moist  winds,  can- 
not be  doubted.  By  increasing  the  evaporation  from  the  land  at  the 
expense  of  surface  run-offs  they  enrich  with  moisture  the  passing  air 
currents,  and  in  this  way  help  to  carry  it  in  larger  quantities  into  the 
interior  of  continents.  The  destruction  of  such  forests,  especially  if  it 
leaves  the  ground  bare  or  partly  covered  with  only  weak  vegetation 
which  does  not  transpire  large  quantities  of  water,  must  inevitably  affect 
the  climate,  not  so  much  the  climate  of  the  region  in  which  the  de- 
struction took  place,  but  the  drier  regions  into  which  the  prevailing  air 
currents  flow. 

I  realize,  of  course,  that  direct  proof  of  this  climatic  influence  quan- 
tatively  expressed  is  still  lacking.  It  will  take  many  decades  before 
direct  observations  of  such  a  character  will  be  secured.  If,  however, 
the  premises  upon  which  the  discussion  rests,  namely,  that  the  precipi- 
tation of  the  eastern  half  of  the  United  States  is  intimately  connected 
with  the  prevailing  south  winds,  that  evaporation  from  land  contributes 
more  to  the  precipitation  over  land  than  evaporation  from  the  ocean, 
that  forests  evaporate  more  water  than  free  water  surface,  or  any  other 
vegetation,  then  forests  in  the  path  of  prevailing  winds  must  neces- 
sarily act  as  distributors  of  precipitation  over  wide  continents. 

What  practical  deductions  can  be  made  from  these  facts  ? 

1.  Forests  must  be  protected  not  so  much  in  localities  which  already 
suffer  from  lack  of  moisture  as  in  regions  which  lie  in  the  path  of 
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prevailing  winds  and  are  still  abundantly  supplied  both  with  ground 
water  and  precipitation.  In  the  dry  regions  large  bodies  of  forests  may 
have  the  opposite  effect  upon  the  available  water  supply.  There  only 
forests  growing  along  rivers  may  contribute  to  the  humidity  of  the 
region.  There  rows  of  trees  or  wind-breaks  surrounding  fields  and 
orchards,  by  preventing  the  drifting  of  the  snow  and  decreasing  the 
activity  of  the  wind,  will  act  more  as  conservers  of  moisture  in  the 
soil  than  solid  bodies  of  timber.  Therefore,  the  care  with  which  forests 
should  be  protected  in  the  eastern  half  of  the  United  States  must  in- 
crease from  north  to  south  and  from  west  to  east. 

2.  In  the  Atlantic  plain  and  southern  Appalachians,  which  are  the 
gateway  for  the  prevailing  winds  from  the  Gulf  of  Mexico  and  the 
Atlantic  Ocean,  forests  must  be  especially  maintained. 

(a)  On  moist  soils,  provided  the  excess  of  water  or  the  substances 
contained  in  it  do  not  prevent  their  development,  because  the  moister 
the  soil  on  which  forests  grow  the  more  moisture  they  evaporate.  For 
this  reason  swamps,  since  they  contribute  less  to  the  moisture  contents 
of  the  air  than  crops  or  forests  and  lose  considerable  water  by  surface 
run-off,  must  be  drained,  as  by  doing  this  an  increase  of  the  evaporar- 
tion  at  the  expense  of  surface  run-off  may  be  secured. 

(b)  On  sandy  soils.  Forests  on  sandy  soils  readily  absorb  water 
through  the  roots  and  evaporate  it. into  the  atmosphere.  Denuded  of 
forest  cover,  sandy  soils  readily  absorb  rain-water  which  percolates  into 
the  ground  and  often  reaches  the  sea  by  underground  channels  without 
being  returned  to  the  atmosphere. 

(c)  On  steep  slopes  and  rocky  places.  The  removal  of  forests  on  such 
places  inevitably  leads  to  an  increase  in  the  surface  run-off  and  to  a 
corresponding  decrease  m  local  evaporation. 

3.  If  clearing  of  the  forest  is  a  necessity  it  should  be  done  only  under 
condition  that  the  cleared  land  is  to  be  devoted  to  intense  cultivation, 
as  after  forests  crops  contribute  most  to  the  moisture  of  the  air.  The 
highest  organic  production,  therefore,  is  in  harmony  with  the  safe- 
guarding of  the  humidity  in  the  regions  which  lie  in  the  path  of  the 
prevailing  winds.  Cleared  land  that  becomes  waste  or  poor  pastures,, 
or  grows  up  to  weak  vegetation,  means  so  much  evaporation  lost  to  the 
passing  air  currents. 

The  effect  of  forests  upon  climate,  if  viewed  as  a  local  influence,  must 
necessarily  be  insignificant.  First,  we  must  not  forget  that  whenever 
we  compare  a  forest  with  an  open  field  adjoining  it,  the  open  field  itself 
is  under  the  influence  of  the  forest  and  cannot  give  a  proper  conception 
of  the  true  effect  of  the  forest. 
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Such  a  meteorological  authority  as  Lorenz  Liburnau,  at  the  end  of 
his  monumental  work  on  "The  Results  of  Forest  Meteorological  Obser- 
vations," remarks  that  his  data  and  conclusions  apply  only  to  the  influ- 
ence which  the  forest  exerts  while  it  exists,  but  do  not  extend  to  con- 
ditions which  may  arise  upon  its  complete  destruction.  "If,  for  in- 
stance, according  to  our  observations  in  the  Carpathian  foothills,  it 
appears  that  the  influence  of  the  forest  upon  the  neighboring  country 
is  only  insignificant,  this  does  not  indicate  that  a  complete  destruction 
of  all  the  existing  forests  will  produce  here  also  only  insignificant  cli- 
matic changes.  Very  likely  that,  if  the  forest  were  completely  de- 
stroyed, the  difference  would  be  much  greater  than  the  difference  that 
exists  now  between  the  climate  of  the  forest  and  its  neighboring  areas/^ 

Local  observations,  no  matter  how  accurately  and  minutely  carried 
out,  cannot  lead  us  to  the  solution  of  the  problem.  The  method  of 
attack  itself  is  wrong.  It  is  only  by  approaching  the  problem  from  a 
much  broader  standpoint,  by  rising  mentally  to  a  height  which  opens 
wide  perspectives  both  to  the  distant  shores  of  the  Gulf  of  Mexico  and 
the  Atlantic  Ocean  and  to  the  most  interior  portions  of  the  continent; 
only  by  following  the  moist  south  winds  on  their  way  from  the  Gulf 
through  the  gateway  of  the  North  American  continent,  the  Atlantic 
plain  to  the  prairie  region;  by  considering  how  many  times  the  moisture 
carried  by  the  wind  is  dropped  in  the  form  of  precipitation  and  raised 
again  as  evaporation;  by  studying  the  part  which  the  vegetative  cover 
plays  in  this  circulation  of  water  on  the  land,  especially  the  dense 
coniferous  forests,  that  we  can  grasp  the  problem  in  its  true  light 
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In  1909  the  census  reports  show  that  the  sawmills  of  the  United 
States  produced  44,509,000,000  board  feet  of  lumber.  Approximately 
73  per  cent  of  this  amount  was  made  up  of  five  species,  viz.,  yellow 
pine,  Douglas  fir,  oak,  white  pine,  and  hemlock.  Where  and  how  this 
enormous  quantity  of  material  is  consumed  has  been  and  is  still  largely 
a  matter  of  surmise.  An  investigation,  however,  which  is  being  made 
by  the  Forest  Service  has  progressed  far  enough  to  warrant  some  ten- 
tative estimates  on  the  annual  requirements  of  the  different  wood-using 
industries.  With  this  paper  are  presented  several  tables  based  on  a 
study  of  the  wood-using  industries  of  20  States.  From  these  tables 
certain  deductions  may  be  drawn. 

Table  1  shows  the  amount  of  wood  in  millions  of  board  feet  that  is 
consumed  by  51  different  industries  in  the  20  States  upon  which  the 
report  is  based.  Eighty-four  per  cent  of  the  material  reported  was  con- 
sumed by  11  industries.  For  these  11  industries  I  have  prepared  an 
estimate  of  the  total  consumption  of  lumber  in  the  United  States,  basing 
it  on  the  capital  invested  in  the  industries  as  reported  by  the  Bureau 
of  the  Census.  According  to  this  estimate,  which  I  think  is  approxi- 
mately correct,  the  lumber  cut  is  distributed  as  follows : 

Percent  Millions 

total  lumber  of 

cut  board  feet 

(1)  Planing  mill  products,  including  sash,  doors,  and 

general  mill-work 29.70  13,250.00 

2)  Boxes  and  crating 10.00  4,448.00 

3)  Car   construction 4.48  1,950.10 

4)  Furniture    3.02  1,348.16 

5)  Vehicles   1.97  877.31 

6)  Agricultural  implements 78  360.67 

7)  Musical    instruments 61  273.48 

8)  Woodenware    51  228.16 

9)  Ship  and  boat  building 43  192.63 

10)  Trunks  and  valises 21  94.98 

11)  Handles    63  281.64 

12)  Miscellaneous    Industries 12.30  5,470.00 

13)  Export 6.74  3,000.00 

14)  Sawed  ties 2.28  1.017.00 

15)  Rough  lumber  and  structural  timbers 26.32  11,750.00 


*  Prepared  for  the  meeting  of  the  National  Lumber  Manufacturers*  Associa- 
tion held  in  Cincinnati,  Ohio,  May  8,  1912. 
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BUILDING    TRADES    AND    GENERAL    CONSTRUCTION 

If  we  assume  that  practically  all  of  the  planing-mill  products  go  into 
the  building  trades,  these  estimates  indicate  that  56  per  cent  of  the 
entire  lumber  production,  or  26  billion  board  feet,  goes  into  building 
and  general  construction  work.    This  amount  is  made  up  as  follows: 

80  per  cent  total  yellow  pine  manufactured 13.0  bUlion 

80  per  cent  total  Douglas  fir  manufactured 3.9      '* 

90  per  cent  total  bemlock   manufactured 2.7      " 

Cypress,  white  pine,  redwood,  oak,  and  other  hardwoods 5.4      ** 

It  seems,  therefore,  that  fully  60  per  cent  of  the  entire  lumber 
produced  has  to  be  sold  in  competition  with  cement,  brick,  tile,  etc. 

BOXES    AND    CRATING 

It  seems  from  the  figures  here  presented  that  the  various  estimates 
of  the  amount  of  lumber  consumed  by  the  box  industry  which  have 
appeared  from  time  to  time  have  been  much  too  high.  Ten  per  cent 
of  the  total  lumber  production,  or  approximately  4,448  million  board 
feet,  is  used  in  the  manufacture  of  boxes  and  crates.  This  amount  is 
made  up  approximately  as  follows : 

8.9  per  cent  total  yellow  pine  manufactured,  or 1,440  million  b.  f. 

28.0  per  cent  total  white  pine  manufactured,  or 1,097  '*  '' 

62.0  per  cent  total  red  gum  manufactured,  or 438  "  ** 

8.2  per  cent  total  hemlock  manufactured,  or 262  "  '* 

6.4  per  cent  total  spruce  manufactured,  or 112  "  " 

16.7  per  cent  total  yellow  poplar 186  *' 

Other  species  mentioned  in  Table  3 974  " 


14 
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Thus  10  per  cent  of  the  total  lumber  manufactured  has  to  compete 
with  fiber  board  and  veneer.  Such  competition  is  becoming  more  and 
more  acute  as  the  demands  of  shippers  and  transportation  companies 
for  lighter  and  at  the  same  time  stronger  boxes  increase.  Tests  made 
at  the  Forest  Products  Laboratory  show  that  th6  ordinary  nailed  box 
is  inferior  in  many  respects  to  improved  types  that  are  being  intro- 
duced, and  it  is  my  personal  opinion  that  the  ordinary  type  of  wooden 
box  will  lose  its  present  position  of  leadership  among  shipping  con- 
tainers unless  its  manufacturers  are  able  to  overcome  some  of  its  in- 
herent defects. 

CAB    CONSTRUCTION 

Approximately  4.5  per  cent  of  the  total  lumber  manufactured,  or  1,966 
million  board  feet,  is  used  in  the  construction  of  cars.  This  amount  is 
made  up  as  follows : 
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7.27  per  cent  total  yellow  pine  manufactured 1.183.3  million  b.  f. 

3.4  per  cent  total  Douglas  fir  manufactured 168.0 

6.1  per  cent  total  oak    manufactured 271.8 

6.1  per  cent  total  yellow  poplar  manufactured 52.3 

Other  species  as  Indicated  in  Table  3 279.6       ** 


Lumber  used  in  car  construction  is  coming  into  competition  with 
steel  underframing  and  steel  bodies.  The  competition  with  steel  for 
underframes  and  for  passenger  coaches  is  becoming  more  and  more 
active,  and  unless  there  is  a  change  in  policy  on  the  part  of  the  railroads 
wood'  as  a  car  material  may  soon  be  limited  to  use  in  box  cars. 

FURNITURE 

Three  per  cent  of  the  total  lumber  manufactured  is  consumed  by  the 
furniture  industry.  This  industry  also  imports  considerable  amounts 
of  mahogany  and  other  cabinet  woods.  The  1,348,000,000  board  feet 
of  domestic  material  consumed  is  made  up  as  follows : 

14.0  per  cent  of  total  oak    manufactured 629  million  b.  f. 

10.0  per  cent  of  total  maple  manufactured 112       "  " 

24.6  per  cent  of  total  birch  manufactured Ill       "  " 

13.9  per  cent  of  total  red  gimi  manufactured 98       "  " 

7.5  per  cent  of  total  yellow  poplar  manufactured 60 

6.7  per  cent  of  total  basswood  manufactured 27 

All  other  species 306 


It  is  ver}'  noticeable  to  what  a  small  extent  the  softwoods  enter  this 
industry.  Steel  is  beinff  substituted  for  wood  to  a  moderate  extent  in 
the  manufacture  of  certain  classes  of  office  furniture,  and  iron  and  brass 
are  being  largely  used  for  beds,  but  in  general  the  furniture  industry 
offers  an  excellent  market  for  high-grade  hardwoods. 

VEHICLES  AND  VEHICLE  PARTS 

Two  per  cent  of  the  total  lumber  manufactured,  or  877.3  million 
board  feet,  is  used  in  the  manufacture  of  vehicles.  It  is  made  up  prin- 
cipally of  oak,  yellow  poplar,  maple,  red  gum,  and  other  species  men- 
tioned in  Table  3.  Steel  is  being  substituted  for  wood  to  a  certain 
extent  in  this  industr}%  but  such  substitution  is  doubtless  due  more  to  * 
the  difficulty  the  manufacturer  encounters  in  securing  sufficient  wood 
of  the  quality  desired  than  it  is  to  the  superiority  of  steel. 

The  remainder  of  the  51  industries  mentioned  in  Table  1  consume 
relatively  small  quantities  of  material,  and  in  them  the  competition  of 
wood  with  other  materials  is  of  minor  importance  with  respect  to  its 
effect  upon  the  general  lumber  situation. 
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f 
DISTRIBUTION  OF  SPECIES 


Table  3  is  of  particular  interest  in  that  it  shows  the  distribution  of 
our  most  important  species  among  the  wood-using  industries.  A  study 
of  it  brings  out  very  cleariy  some  fundamental  differences  in  the  prob- 
lem of  marketing  softwoods  and  hardwoods.  It  appears  that  fully  91 
per  cent  of  the  yellow-pine  manufactured,  89  per  cent  of  the  Douglas 
fir,  and  98  per  cent  of  the  hemlock  are  consumed  in  building  and  con- 
struction work  and  in  the  manufacture  of  boxes.  Large  proportions  of 
the  cypress,  white  pine,  and  other  conifers  also  enter  these  industries. 
In  the  building  trades  and  in  the  box  industry  the  cost  of  raw  ma- 
terials constitutes  a  comparatively  large  proportion  of  the  cost  of  the 
finished  products ;  therefore,  any  rise  in  the  price  of  raw  materials  has 
a  proportionately  large  effect  on  the  cost  of  the  finished  article  to  the 
consumer.  Lumber  has  long  been  the  material  from  which  a  house  of 
any  given  size  and  finish  could  be  built  at  the  least  cost  to  the  builder, 
and  its  wide  use  as  a  building  material  in  this  country  has  undoubtedly 
been  more  due  to  this  cause  than  to  its  merits  or  demerits  as  a  building 
material.  In  the  case  of  residences  and  other  small  houses  fire  risk  and 
durability  become  strong  arguments  in  favor  of  substitutes  only  when 
the  retail  price  of  lumber  is  such  that  the  cost  of  a  frame  house  equals 
or  is  only  slightly  less  than  an  equivalent  house  built  of  brick,  tile,  or 
other  materials.  The  manufacturers  of  lumber,  who  are  largely  de- 
pendent upon  the  building  trades  for  their  markets,  should  recognize 
this  fact  and  devise  ways  and  means  of  so  regulating  their  selling  costs 
that  lumber  will  continue  to  be  the  material  from  which  a  satisfactory 
home  can  be  built  at  a  minimum  cost  to  the  builder. 

The  manufacturers  of  yellow  pine  in  particular,  and  of  Douglas  fir 
also,  have  excellent  opportunities  to  divert  much  of  their  low-grade  lum- 
ber into  paper,  turpentine,  alcohol,  and  other  by-products.  The  writer 
touched  on  this  subject  in  a  paper  presented  at  the  last  meeting  of  the 
Yellow  Pine  Manufacturers'  Association  and  urged  the  importance  of 
such  developments  to  the  owners  of  yellow-pine  stumpage. 

The  manufacturers  of  hardwoods  are  facing  a  much  less  difficult 
situation.  Their  products  are  used  in  a  large  number  of  different  in- 
dustries in  which  the  cost  of  raw  material  is  only  a  small  proportion 
of  the  cost  of  the  finished  article.  In  these  industries,  viz.,  furniture, 
vehicles,  handles,  and  many  others  of  minor  importance,  wood  is  used 
because  it  has  properties  which  make  it  peculiarly  fit  for  the  purpose 
that  it  serves  and  not  principally  because  it  is  the  cheapest  raw  material 
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suitable  to  the  needs  of  the  manufacturers.  This  diversity  of  use  offers 
an  excellent  opportunity  to  the  manufacturers  of  hardwoods  to  work  up 
their  logs  not  only  into  the  standard  forms  of  lumber,  but  into  numerous 
sizes  of  small-dimension  stock.  It  seems  to  the  writer  that  it  would 
be  to  the  mutual  interest  of  hardwood  manufacturers  and  consumers  to 
study  the  problem  of  standardizing  small-dimension  stock  of  different 
species.  Such  standardization  should  result  in  greater  profits  to  the 
lumber  manufacturer  through  closer  utilization  of  his  logs,  and  in 
cheaper  material  to  the  consumer. 
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MICBOSCOPIC  STRUCTURE  OF  WOODS  IN  RELATION  TO 

PROPERTIES  AND  USES 

BY  ELOISB  GBKKY 
Delivered  before  the  Society  November  2i,  1912 

I.   INTBODUCTION 

With  the  organization  and  development  of  the  study  of  forest  products 
the  advantages  of  a  more  intimate  knowledge  of  wood  substance  have 
been  made  very  clear.  By  means  of  the  microscope  the  minute  physical 
structure  and,  through  microchemistry,  the  chemical  composition  of 
wood,  have  become  promising  fields  of  research. 

Wood  is  an  organic  substance.  It  is  the  framework  produced  by  the 
living  protoplasm.  Long  after  the  vital  activity  of  the  cells  composing 
it  has  ceased,  as,  for  instance,  in  heart-wood,  the  cell  walls  act  as  a 
mechanical  support  for  the  growing  portions  of  the  tree;  namely,  the 
crown  of  leaves  and  the  outer  layers  of  the  trunk,  which  include  the 
inner  bark,  the  cambium  or  region  of  dividing  cells,  and  the  young  or 
sap  wood,  where  the  new-wood  elements  are  developing  and  differen- 
tiating. '  It  is  this  highly  organized  framework,  which  once  served  in 
the*  vital  processes  of  conduction,  storage,  etc.,  in  the  tree,  which  is 
utilized  as  an  economic  material  in  such  a  multiplicity  of  ways  by  more 
than  fifty  different  industries. 

In  construction,  wood  competes  with  tile,  brick,  cement,  steel,  and 
many  other  inorganic  compounds  of  relatively  homogeneous  character. 
The  differences  in  the  nature  of  these  two  classes  of  materials  are  ap- 
parent when  they  are  compared  under  the  microscope.  Plate  I,  figure 
1,  illustrates  a  cross-section  of  a  steel  ball,  cut  and  polished  to  show 
its  structure.  The  ball,  according  to  its  chemical  composition,  was  de- 
scribed as  a  "common  steel."*  In  marked  contrast  to  this  is  the  struc- 
ture of  a  piece  of  wood  shown  at  the  same  magnification  in  Plate  I, 
figure  2.  This  also  illustrates  the  differences  in  structure  between 
wood  formed  in  the  summer  and  autumn,  which  appears  at  the  top  of 
the  figure,  and  the  spring  wood  or  early  growth  of  the  year,  which 

appears  below.     The  difference  in  the  size  and  thickness  of  the  walls  of 
■  • 

♦  In  "Proceedings  of  the  International  Assoolatlon  for  Testing  Materials." 
Sixth  Congress,  New  York,  page  2,  1912,  in  volume  II,  No.  13,  from  which 
the  illustration  was  copied, 

(159) 
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the  tube-like  cells,  which  are  the  "fibers"  of  the  paper  trade,  but  are 
known  botanically  as  tracheids,  is  evident  in  this  cross-section. 

The  wood  shown  in  figure  2  is  a  piece  of  short-leaf  pine,  Pinus 
echinata.  Not  only  is  pine  structurally  complex;  so  also  are  other 
woods.  Each  genus,  or  group  of  species,  varies  in  a  more  or  less  marired 
way  from  all  the  other  genera.  Pine,  moreover,  is  a  relatively  simple 
wood  as  compared,  for  example,  with  oak.  Furthermore,  the  struc- 
tural elements  in  the  individuals  of  a  species,  even,  may  vary;  for  in- 
stance, as  in  the  proportion  of  spring  and  summer  wood,  the  degree  of 
lignification,  etc.,  according  to  the  growth  conditions  prevailing  at  the 
time  of  their  formation,  adding  still  other  factors  that  must  be  taken 
into  consideration  in  selecting  and  using  wood. 

In  the  year  1909  about  twenty-five  billion  board  feet  of  wood,  chiefly 
yellow  pine,  Douglas  fir,  oak,  and  white  pine,  went  into  building  and 
general  construction  in  the  United  States,  in  competition  with  the 
inorganic  materials  already  mentioned.*  The  men  who  worked  with  the 
wood  had  a  relatively  small  conception  of  the  material  they  were  using. 
Obviously,  eflBcient  utilization  depends  upon  definite  knowledge  of  this. 
The  principles  of  "scientific  management*'  can  undoubtedly  be  applied 
with  benefit  here  as  in  other  industries. 

The  layman  speaks  of  a  wooden  house  or  a  wooden  cari;  or  carriage. 
Let  us  consider  for  a  moment  the  number  of  different  kinds  of  wood 
used  in  the  construction  of  one  vehicle,  and  the  appearance  of  these 
woods  when  seen  under  the  microscope.  Plate  II  shows  cross-sectioDs, 
at  the  same  magnification,  of  six  of  the  more  important  woods  used  in 
wagon  construction. 

Hickory  and  white  oak  are  very  important  wagon  woods,  and  are 
used  for  several  different  parts,  as,  for  example,  frames,  spokes,  poles, 
shafts,  and  also  hubs  and  felloes.  Figure  1  is  a  photomicrograph  of  a 
"commercial"  white  oak.  This  wood  has  long  been  famed  and  prized 
for  its  strength  and  durability.  The  dense  masses  of  fibers  noticeable 
in  the  upper  portion  of  the  one  complete  annual  ring  here  shown  are 
responsible  for  the  strength  of  the  wood.  This  is  a  typical  "ring-porous" 
wood;  that  is,  all  the  large  pores,  vessels,  or  sap  channels,  are  grouped 
in  a  limited  area  early  in  the  year's  growth.  These  are  open  and  func- 
tion in  sap  conduction  when  they  are  first  formed,  but  after  a  period 
of  activity  are  closed  in  this  wood,  and,  in  others  to  be  discussed  later, 
by  thin-walled,  sack-like*  growths  called  iyloses,  which  intrude  from  the 

♦  McGarvey  Cllne :  "The  Lumbermen  and  Wood-using  Industries."  Paper 
presented  at  the  meeting  of  the  National  Lumber  Manufacturers*  Associa* 
tion  at  Cincinnati,  Ohio,  May  8,  1912. 
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surrounding  cells,    A  typical  full  development  of  these  "filling  cells" 
called  tyloses  is  apparent  in  all  the  large  vessels  in  .figure  1. 

Plate  II,  figure  2,  shows  a  piece  of  hickory  with  three  complete  annual 
rings  extending  horizontally  across  the  field.  Tyloses,  also  fully  devel- 
oped, appear  in  this  section,  which  was  cut  from  the  outer  rings  of  the  . 
sap-wood  of  the  tree.  This  wood  is  particularly  interesting  because  it 
combines  strength,  elasticity,  and  toughness,  and  is  moreover  a  distinctly 
American  wood. 

The  bodies  of  wagons  are  often  made  of  basswood,  cottonwood,  or  the 
yellow  poplar,  which  is  generally  known  as  the  tulip  tree,  Liriodendron 
tvJipifera.  This  last-mentioned  wood  is  also  used  for  seats  and  panels. 
It  is  highly  prized  because  it  takes  such  an  even  finish  when  painted. 
It  is  said  to  appear  nearly  as  smooth  as  metal,  and  not  to  dent  as  readily. 
Tulip,  Plate  II,  figure  4,  in  contrast  to  the  preceding  woods,  is  typically 
"diffuse  porous"  in  structure.  In  the  wide  annual  ring  illustrated  the 
pores  are  scattered  with  considerable  uniformity  throughout  both  the 
spring  and  summer  wood.  The  specific  instance  of  the  different  uses  to 
which  tulip  and  oak  are  applied  in  a  carriage  is  a  good  example  of  the 
application  along  general  lines  of  the  knowledge  of  structure  and  prop- 
erties in  relation  to  uses. 

Other  woods  used  for  the  bodies  of  farm  wagons,  where  fine  finish 
is  not  applied,  are  white,  long-leaf,  and  loblolly  pines,  and  sometimes 
cypress.  These  woods  belong  to  the  "non-porous**  group,  which  is 
illustrated  by  short-leaf  pine  in  Plate  III  at  a  considerably  higher  mag- 
nification than  that  used  in  Plate  II.  These  woods  derive  their  name 
from  the  fact  that  their  "fibers"  or  tracheids  are  not  open  channels,  like 
the  pores  in  oak  or  tulip,  but  are,  from  the  time  of  their  formation, 
separated  from  one  another  by  walls. 

Elm,  Plate  II,  figure  5,  and  locust  are  also  used  for  hubs.  Beech  is 
used  for  large  felloes  and  ash  for  seats.  This  latter  wood,  Plate  II, 
figure  3,  serves  to  illustrate  the  appearance  of  a  ring-porous  wood  with- 
out tyloses.  The  open  pores  here  give  a  forceful  contrast  to  the  con- 
dition in  white  oak  and  hickory. 

A  wood  valued  particularly  for  the  construction  of  certain  parts  of 
a  wagon  is  the  osage  orange,  Toxylon  pomiferum.  This  wood  is  also 
notable  because  of  its  very  marked  development  of  tyloses  closing  the 
vessels.  Moreover,  in  this  case  also  the  section  illustrated  is  cut  from 
the  outer  sap-wood,  a  fact  which  further  bears  upon  the  distribution 
and  significance  of  tyloses.  Osage  orange  is  dense  and  strong.  Per 
cubic  foot  it  weighs  48.21  pounds;  white  oak  weighs  46.35.  In  strength 
(modulus  of  rupture)  it  exceeds  white  oak  26  per  cent,  while  in  stiff- 
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ness  (modulus  of  elasticity)  osage  orange  is  2  per  cent  above  white  oak. 
The  wood  swells  and  shrinks  but  little  under  climatic  changes,  and 
wagon  wheels  with  osage  rims  give  long  service  under  conditions  fatal 
to  an  ordinary  wagon.  The  impact  and  concussion,  such  as  is  pro- 
duced on  rocky  roads,  however,  splinters  the  wood;  but  for  long,  hot 
seasons  and  dry  roads  it  gives  excellent  service.  Tires  do  not  work 
loose,  and  often  wear  out  without  being  reset*  (Plate  II,  figure  6). 

Prom  this  brief  analysis  of  the  kinds  of  wood  used  in  vehicle  con- . 
struction  alone,  the  relation  of  the  structure  to  the  uses  to  which  the 
woods  are  applied  is  evident.    That  wood  is  not  a  homogeneous  material 
has  been  shown  beyond  question  by  Plates  II  and  III. 

The  importance  of  identifying  woods  by  the  differences  in  microscopic 
structure  combined  in  many  cases  with  other  characters,  as  fruit  and 
leaves — for  wood  structure  is  very  conservative  and  specific  differences 
are  often  very  slight — ^has  long  been  recognized,  and  many  systems  have 
been  devised  for  the  purpose.  More  recent,  however,  is  the  attempt 
to  study  the  effects  of  differences  or  similarities  in  structure  on  prop- 
erties and  uses.  This  study  has  opened  a  field  of  such  interest,  and  is 
so  rich  in  opportunity,  that  prophecy  and  desire  have  outstripped  each 
other  in  detailing  the  possible  application  of  investigations  of  this  nature 
to  practical  ends.  Consequently,  some  disappointment  has  been  ex- 
perienced with  the  realization  that  the  study  is  not  productive  of  "glit- 
tering generalities."  This,  however,  is  in  keeping  with  the  variations 
and  irregularities  of  the  material  studied.  The  obstacles  presented  are 
nevertheless  not  necessarily  insurmountable  in  this  search  after  funda- 
mental principles. 

In  order  to  undertake  investigations  of  the  relations  existing  be- 
tween structure  and  properties  and  uses,  a  thorough  knowledge  of  plant 
anatomy  is  essential.  A  sufficient  understanding  of  physics  and  chem- 
istry to  enable  the  worker  to  apply  the  principles  and  new  discoveries 
of  these  sciences,  when  possible,  to  his  work  with  wood  is  invaluable. 
Furthermore,  the  power  of  mind  which  we  express  by  the  words  ex- 
perience and  judgment,  which  comes  from  intimate  and  prolonged  rela- 
tions with  wood-using  industries  and  work  in  the  forest,  cannot  be  too 
highly  estimated.  Technique  in  manipulation,  in  order  that  the  section 
studied  with  the  microscope  may  present,  without  distortion  or  misrep- 
resentation, the  conditions  in  the  block  from  which  it  was  cut,  is  of  the 
utmost  importance.     The  more  perfectly  the  preparation  studied  micro- 


♦  Hu  Maxwell :  "Osage  for  Wagous  aud  Other  Purposes." 
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scopically  is  made^  the  more  satisfying  and  fundamentally  true  are  the 
resulting  observations.  When  the  existing  conditions  can  be  made 
visible  to  all  by  the  aid  of  photomicrography,  so  much  more  far-reaching 
can  the  results  of  this  phase  of  the  study  of-iorest  products  become. 

II.    THE   METHOD 

A  brief  summary  of  the  means  used  to  approximate  the  ideal  method 
of  study  may  be  given  here,  as  much  of  the  time  since  this  branch  of 
work  has  been  undertaken  in  the  section  of  timber  physics  at  the  Forest 
Products  Laboratory  has  been  devoted  to  the  adaptation,  perfection,  and 
exercise  of  methods. 

Material. 

The  laboratorv  collection  of  American  commercial  woods  obtained  for 
tests  of  all  kinds  and  exhibition  purposes  has  formed  the  basis  of  a 
reference  collection  of  microscopic  slides  of  wood.  Strips  cut  a  square 
inch  in  end  section,  extending  from  the  bark  through  the  heart  of  the 
tree,  were  used  in  the  preparation  of  slides.  One  of  these  is  shown  in 
Plate  IV,  figure  1,  with  the  microtome.  Small  blocks  from  these,  one 
in  the  sap-wood  next  the  bark,  one  midway  in  the  heart-wood,  and  one 
at  the  very  center  of  the  tree  with  the  pith,  were  taken  from  each 
strip  and  treated  with  hydrofluoric  acid,  when  necessary,  for  the  purpose 
of  dissolving  out  the  mineral  matter  in  the  wood  in  order  to  insure 
easy  cutting  and  smooth,  even  sections. 

The  Microtome, 

The  blocks  were  then  sectioned  on  the  Jung  Thoma  sliding  micro- 
tome, Plate  IV,  figure  1.  The  instrument  is  very  well  adapted  for 
this  purpose.  Certain  improvements  in  the  rigidity  and  ease  of  orienta- 
tion of  the  carriers  have  been  made  by  Prof.  R.  B.  Thompson,  of  Toronto 
University,  and  Mr.  H.  W.  Spence  and  are  now  employed.  The  razors 
used  are  of  especially  hardened  steel,  sharpened  to  a  keen,  smooth  edge, 
and  kept  in  order  by  use  of  oil  and  water  stones  and  a  Jung  four-sided 
strop.  With  this  instrument  it  is  possible  to  cut  cross-sections,  with  a 
square  inch  of  surface,  less  than  one  five-thousandth  of  an  inch  (five 
micromillimeters)  in  thickness  from  even  such  a  hard  wood  as  live  oak. 

Sections  are  cut  from  each  of  the  three  blocks  in  three  planes.  The 
different  planes  are  illustrated  by  the  three  photomicrographs  of  short- 
leaf  pine  shown  at  the  same  magnification  in  Plate  TIT.  The  cross- 
section,  figure  1,  shows  the  junction  of  two  annual  rings.  The  summer 
wood,  with  a  large,  open  resin  canal,  surrounded  by  thin-walled  cells. 


164        PROCEEDINGS  OF  THE  SOCIETY  OF  AMERICAN  FORESTERS 

called  the  epithelial  cells,  is  conspicuous.  The  medullary  rays  run 
horizontally  across  the  field.  The  middle  lamella  and  the  different 
thickening  layers,  which  the  cells  lay  down  during  growth,  are  very 
clearly  shown  here.  In  the  radial  or  quartered  face,  figure  2,  the  longi- 
tudinal view  of  the  elements,  at  right  angles  to  that  just  shown,  gives 
a  clear  idea  of  the  "fibers"  or  tracheids.  The  tapering  ends  of  these 
are  visible ;  also  the  bordered  pits  or  thin  places  which  appear  like  little 
circles  in  the  cell  wall.  The  closing  membranes  of  these  are  permeable 
to  water.  Traversing  the  right  end  of  the  figure  is  a  medullary  ray 
showing  the  characteristic  toothed  or  dentate  ray  tracheids  of  the  hard 
pines. 

The  tangential  face  shown  in  figure  3  is  also  a  longitudinal  view,  but 
is  cut  at  right  angles  to  the  ra&ial  just  shown.  The  tracheids,  their 
tapering  ends,  the  pits  in  profile,  linear  medullary  rays,  and  one  fusi- 
form ray  with  a  resin  canal,  are  here  visible. 

In  this  way  the  sections  are  selected  in  these  three  planes  from  all  the 
different  specimens,  the  purpose  being  to  show  the  distinctive  features 
of  each  species. 

The  Sections, 

The  sections  are  stained  and  mounted  with  the  greatest  care  to  guard 
against  air  bubbles,  dirt,  and  foreign  matter.  They  are  dried  under 
weights  to  insure  fiatness,  which  is  a  very  important  quality,  as  the  depth 
of  focus  of  the  microscopic  lenses  is  limited.  In  order  to  produce  good 
photomicrographs  it  is  essential  that  all  the  parts  of  the  field  should  be 
in  focus  simultaneously.  All  the  slides  here  reproduced  are  taken  from 
photomicrographs  of  sections  prepared  in  this  way.  The  general 
methods  above  described  for  use  with  hard  tissues,  such  as  wood,  were 
developed  and  perfected  by  Dr.  E.  C.  Jeffrey,  of  Harvard  University, 
and  have  been  only  slightly  modified  to  meet  the  demands  of  this  work. 
The  technique  of  preparing  the  sections  requires  a  high  degree  of  skill; 
its  importance  cannot  be  overemphasized,  since  subsequent  observa- 
tions, as  well  as  the  photomicrographs  which  record  them,  are  dependent 
upon  slides  produced. 

The  Photomicrographs, 

The  apparatus  used  for  making  the  photomicrographs  is  a  Bausch  and 
Ijomb  balopticon.  It  is  equipped  with  a  Zeiss  microscope  and  the  source 
of  light  is  an  electric  arc.  The  apparatus  includes  the  lamp  case,  cool- 
ing cell,  condensing  lens  system,  holder  for  the  color  screens,  and  the 
microscope,  which  is  equipped  with  a  full  battery  of  lenses,  including 
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Zeiss  tessars,  apochromats,  achromats,  and  compensating  eyepieces.  A 
light-tight  sleeve  connects  the  microscope  and  camera,  the  shutter  of 
which  occupies  the  same  position  as  the  human  eye  in  ordinary  micro- 
scope use.  The  magnification  can  be  controlled  by  the  lenses  and  by  the 
lengthening  and  shortening  of  the  long,  horizontally  mounted  bellows. 
The  use  of  color  screens  is  of  the  greatest  possible  assistance  in  produc- 
ing photomicrographs  showing  the  different  kinds  of  tissue  as  differen- 
tiated through  staining.  This  phase,  as  well  as  other  special  features 
of  this  work,  has  been  developed  with  marked  success  by  Dr.  M.  E. 
Diemer,  chemist  and  expert  photographer,  who  kindly  assisted  in  the 
preparation  of  the  photomicrographs  presented  in  the  accompanying 
plates. 

The  sections  and  photomicrographs  are  of  the  utmost  assistance  in  the 
study  of  special  problems.  Dry  wood,  creosoted,  green,  shrunken,  com- 
pressed, distorted,  and  decayed  wood  have  all  been  cut  for  microscopic 
examination.  Plate  IV,  figure  3,  for  instance,  shows  how  fungus  myce- 
lium travels  from  the  rays  into  and  through  the  wood  elements.  The 
way  in  which  the  vessel  segments  which  unite  to  form  the  long  sap- 
conducting  tubes  of  the  tree  are  connected  is  also  illustrated.  In  red 
gum,  Liquidamhwr  styraciflua,  these  openings  are  not  so  completely  de- 
veloped as  they  are  in  aspen,  Populus  tremuloides,  and,  instead  of  a 
round  hole,  a  grating,  such  as  is  shown  in  Plate  I,  figure  4,  connects 
adjacent  vessel  segments.  In  pine  the  corresponding  structures,  the 
bordered  pits,  illustrated  at  a.  high  magnification  in  Plate  I,  figure  3, 
are  thin  places  in  the  cell  wall,  but  are  closed  by  a  membrane.  They 
permit  a  relatively  slow  transfusion  of  water.  This  contrast  in  structure 
between  pine  and  aspen  and  gum  shows  why  the  latter  are  called  porous 
and  the  former  non-porous.  New  problems  sometimes  require  fresh 
adaptations  of  the  methods.  Smooth  surfaces  of  blocks  are  sometimes 
used,  for  example,  instead  of  sections,  and  these  are  then  photographed 
by  reflected  instead  of  transmitted  light.  The  use  of  serial  sections  for 
studying  the  development  of  structures  or  conditions,  such  as  extent  of 
penetration  of  creosote  or  of  decay,  has  also  been  found  helpful.  The 
formation  and  later  development  of  resin  canals  have  been  studied  in 
this  way  by  means  of  a  series  of  sections  cut,  beginning  at  the  inner  bark 
and  following  the  same  canals  through  an  inch  or  more  of  wood,  which 
distance  frequently  includes  several  annual  rings. 
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III.  THE  PURPOSE 

It  is  the  purpose  of  this  work  to  find  out  facts  about  the  relation  of 
the  microscopically  observed  structure  of  the  wood  and  its  properties  and 
uses.  That  such  a  relation  exists  is  not  questioned.  The  detailed  knowl- 
edge of  this  relation  has  extensive  practical  application.  Eitlier  positive 
or  negative  evidence  will  be  of  value  in  solving  the  problems  involved. 
People  who  know  little  of  the  subject  either  think  nothing  about  it  or 
tend  to  formulate  weird  concepts  often  as  vague  and  misleading  as  those 
of  the  ancient  alchemists.  For  either  of  these  classes  of  people  a  clear, 
readable  statement  of  experimentally  proven  relations,  not  theories  alone, 
no  matter  how  carefully  the  latter  may  have  been  constructed,  should 
certainly  be  of  value.  In  brief,  then,  the  object  of  these  microscopic  in- 
vestigations is  service;  service  to  outsiders  who  may  send  in  their  prob- 
lems and  receive  in  return  a  careful  consideration  of  their  questions  and 
all  the  information  available;  and  also  cooperation  with  the  men  in  the 
Forest  Service,  since  cooperation  between  field  and  laboratory  studies 
means  a  gain  for  both'.  This  type  of  service  is  rendered  directly,  so  far 
as  possible,  whenever  the  need  arises.  In  addition  to  this,  indirect  serv- 
ice is  offered  through  the  investigation  of  special  problems  of  suflBcient 
importance  to  demand  considerable  time  and  concentration  of  effort. 
Practical  men  are  urged  to  send  in  their  problems  that  the  information 
most  generally  needed  may  receive  due  attention  in  the  preparation  of 
working  plans.  For  the  study  and  illustration  of  problems  in  wood 
structure  the  equipment  in  the  Forest  Products  Laboratory  perfected  as 
the  result  of  experience  and  experiments  is  probably  unexcelled. 

IV.  THE   RESULTS 

First  and  foremost  of  the  results  so  far  accomplislied  is  the  reference 
collection  of  microscopic  slides  of  the  actual  wood  and  of  photomicro- 
graphs of  these,  the  preparation  of  both  of  which  has  been  previously 
described.  The  slide  collection  consists  of  more  than  2,000  slides  from 
about  150  specimens.  Among  these  are  slides  showing  interesting  ab- 
normalities, such  as  the  effects  of  decay  above  illustrated,  and  also  espe- 
cially thin  sections  prepared  for  high-power  photomicrography. 

The  collection  of  photomicrographs  is  made  up  of  two  series,  the  re- 
spective members  of  which  are  directly  comparable.  The  first  series  is 
made  up  of  cross,  radial,  and  tangential  section  photomicrographs  of  the 
different  species  at  a  magnification  of  50  diameters  on  6V^  by  8^  plates. 
All  the  cross-sections  show  at  least  one  annual  ring  with  its  character- 
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istic  spring  and  summer  wood.  These  photographs,  if  estimated  by  the 
amount  that  they  are  used  in  the  study  of  special  problems,  certainly 
form  a  very  important  part  of  the  work  thus  far  accomplished.  Pictures 
are  a  more  successful  means  of  exposition  than  words  in  a  field  of  this 
nature.  Hence  the  clearness,  uniformity  for  comparative  purposes,  and 
range  of  species  covered  have  proved  to  be  of  constant  interest  and  value, 
not  only  to  inquiring  visitors,  but  to  members  of  the  different  laboratory 
sections.  Forest  Service  men  in  the  field,  railroad  men,  men  interested 
in  the  artificial  preservative  treatments  of  wood,  manufacturers,  and 
teachers  of  engineering  and  wood  structure.  The  second  series  supple- 
ments the  first.  The  first  shows  a  large  field  at  a  sufficiently  low  mag- 
nification to  be  readily  comparable  with  a  block  of  wood  viewed  with  a 
hand  lens.  In  the  second  series  the  magnification  is  250  diameters. 
This  is  suflBcient  to  show  the  different  thickening  layers  in  the  cell  walls 
of  a  conifer,  for  example.  Plate  I,  figure  2,  is  reproduced  at  about  this 
magnification. 

Another  line  of  work  which  has  occupied  a  large  amount  of  time  is  the 
preparation,  micro-examination,  and  photomicrographing  of  different 
kinds  of  wood  pulp.  Much  of  this  work  is  carried  on  in  cooperation 
with  the  laboratory  at  Wausau,  Wisconsin.  About  1,000  slides  of  ground- 
wood  pulps  are  now  on  file.  The  photomicrographs  of  slides  made  from 
the  experimental  runs  of  ground-wood  pulps  are  considered  as  valuable 
criteria  and  are  preserved  as  permanent  records  of  the  experiments  and 
tests. 

In  connection  with  the  experiments  in  the  laboratory  section  of  paper 
and  pulp,  micro-examinations  of  aspen,  eucalyptus,  and  redwood  pulps, 
prepared  under  various  cooking  conditions,  have  been  made.  It  was 
found  that  undercooking  and  overcooking  could  be  detected  readily  and 
that  the  actual  strength  corresponded  with  differences  which  could  be 
detected  in  the  microscopic  appearance  of  the  fibers.  Plate  IV,  figure  4, 
is  a  photomicrograph  of  aspen  pulp.  One  of  the  characteristic  vessel 
segments  occupies  the  center  of  the  field. 

The  special  problems  so  far  studied  are  two  in  number.  The  first 
relates  to  the  distribution  in  general,  and  in  the  sap-wood  in  particular, 
of  tyloses,  the  sack-like  cells  previously  described.  In  the  hardwoods 
these  cells  grow  into  the  large  vessel  cavities  after  the  internal  pressure, 
due  probably  to  sap  flow,  has  ceased.  It  is  because  of  their  presence 
strongly  developed,  as  has  been  shown  in  osage  orange  and  white  oak, 
Plate  II,  that  the  latter  wood  is  successfully  used  for  tight  cooperage, 
.while  red  oak,  which  lacks  these  cells  almost  entirely,  cannot  be  so 
xitiliz^d*         ;  ! 
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The  results  of  this  study  have  been  assembled  in  form  for  publica- 
tion. They  include  a  table  of  observations  on  176  specimens  of  Amer- 
ican hardwoods^  showing  the  degree  of  development  of  tyloses.  General 
statements  hitherto  have,  for  the  most  part,  been  to  the  effect  that 
tyloses  are  not  formed  normally  until  the  annual  growth  rings  have 
reached  a  considerable  age;  that  is,  that  they  do  not  occur  in  the  sap- 
wood  or  the  outer  growth  rings  of  the  tree.  As  a  matter  of  fact,  how- 
ever, these  studies  show  that  tyloses  occur  in  the  sap-wood  of  at  least 
twenty-five  species  of  hardwoods  (practically  wherever  they  were  found 
in  the  heart-wood),  and  are  generally  wery  well  developed  even  in  the 
outermost  rings  next  the  bark,  as  has  been  shown  in  hickory  and  in  osage 
orange,  in  Plate  11.  Woods  where  tyloses  occur  are,  for  the  most  part, 
with  the  exception  of  hickory,  exceptionally  durable  woods. 

It  has  been  shown  conclusively  also  that  tyloses  check  creosote  pene- 
tration. In  spite  of  this  a  wood  may  be  thoroughly  penetrated  by 
creosote,  even  if  its  vessels  are  closed  with  tyloses.  In  Plate  I,  figure 
t),  the  'radial  surface  of  a  creosoted  hickorv  block  shows  such  a  condi- 
tion.  A  vessel  filled  with  entirely  uncolored  tyloses  is  shown  extending 
vertically  through  the  left  center  of  the  figure.  The  thorough  penetra- 
tion of  the  surrounding  wood,  which  was  even  more  apparent  in  the 
block  than  in  the  picture,  is  evident  from  the  blackness  of  the  longi- 
tudinal elements.  The  rays  here  also  appear  uncolored.  They,  in  fiu;t, 
treated  little  better  than  the  tyloses  in  this  piece. 

Tyloses  act,  a  carpenter  would  say,  as  a  natural  filler  and,  as  such, 
are  a  factor  in  finishing  wood.  The  network  of  cells,  as  shown  in  Plate 
I,  figure  6,  aids  both  in  catching  and  in  holding  the  filler  used  in  finish- 
ing. This  is  again  in  marked  contrast  to  red  oak,  where  such  a  vessel 
as  is  shown  in  Plate  I,  figure  6,  would  appear  like  an  open  groove.  This 
study,  outside  of  the  working  up  of  the  extensive  Qerman  literature  on 
the  subject,  was  carried  on  at  the  same  time  as  the  routine  slide  making. 
The  different  blocks  from  the  sap  and  heart  wood  of  each  species  were 
invaluable  for  this  study,  as  well  as  for  other  comparisons  of  condi- 
tions in  these  two  regions  which  are  as  yet  untabulated.  This  study 
also  brought  to  light  the  fact  that  many  of  the  vertical  resin  canals  in 
pine  are  not  closed  with  tyloses  or  otherwise  throughout  their  entire 
length.  This  is  also  contrary  to  the  generally  accepted  statements  on 
this  subject  and  has  a  definite  bearing  on  the  studies  of  creosote  pene- 
trance which  have  been  the  subject  of  the  more  recent  experiments. 

The  influence  of  the  structure  of  wood  on  the  penetration  of  creosote 
is  one  of  the  most  baffling,  contradictory,  and,  at  the  same  time,  in- 
tensely interesting  problems.    Definite  data  on  the  subject  ave  de- 
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raanded.  The  phase  of  the  problem  now  before  us  has  resolved  itself 
into  the  question  of  how  creosote  passes  from  one  tracheid  to  another 
in  a  coniferous  wood.  This  question  may  be  divided  into  three  parts: 
Does  the  penetration  take  place — 

(1)  Through  the  cell-wall  substance; 

(2)  Through  the  structural  modifications  of  the  cell  wall;  i.  e.,  pits; 
or 

(3)  Through  actual  openings  in  the  cell  wall;  t.  e.,  checks  or  "slits'' 
or  the  rupture  of  pit  membranes? 

In  spite  of  many  experiments,  it  is  as  yet  impossible  to  answer  finally 
any  of  these  questions.  That  we  have  reached  the  point  where  it  is 
possible  to  formulate  them  is  more  significant  than  would  at  first  appear. 

The  first  microscopical  studies  of  creosote  penetration  were  made  on 
creosoted  wood  after  treatment.  In  this  way  the  final  location  of  the 
creosote  was  observed.  But  the  opportunities  for  numerous  and  con- 
flicting theories  as  to  how  the  creosote  arrived  in  the  regions  occupied 
increased  the  already  large  amount  of  perplexing  discussion  on  the 
subject.  It  was  only  when  experiments  for  watching  the  actual 
progress  of  the  incoming  creosote  under  the  microscope  were  carried  out 
that  certain  facts  became  evident.  The  results  here  cited  are  in  the 
nature  of  preliminary  work,  and  are  mostly  confined  to  lobloUy  pine 
summer  wooid.  Other  species  were  tested,  but  with  the  apparatus  used 
and  the  low-pressure  compressed  air  this  species  was  found  to  be  the 
most  satisfactory.  The  flow  of  the  oil  was  distinctly  visible  in  the 
tracheids  just  below  the  surface  of  the  block.  Carefully  split  and  smooth- 
surfaced  pencils  of  wood  clamped  to  the  microscope  stage  were  used  for 
this  purpose.  Although  movement  was  visible,  the  relative  roughness  of 
the  surface  prevented  the  detection  of  the  point  where  the  creosote  passed 
from  one  tracheid  to  another.  The  fact  that  creosote  sometimes  escaped 
through  the  cut  ends  of  tracheids  and  flooded  the  outer  surface  of  the 
block,  thus  obscuring  what  was  happening  deeper  within  the  wood,  also 
delayed  the  work. 

Nevertheless,  columns  of  creosote  were  repeatedly  seen  to  flow  along 
the  tracheid  lumena,  to  be  checked  in  their  course,  and,  after  a  barely 
appreciable  length  of  time,  to  appear  in  other  tracheids  further  on. 
It  is  certain  that  penetration  is  greatest  in  the  longitudinal  direction. 
It  has  been  estimated  that  for  conifers  it  is  20  to  120  times  as  great 
as  in  the  radial  and  tangential  directions.'*'  A  relation  between  pene- 
trance and  structure  is  indicated  by  the  fact  that  a  group  of  measure- 

*  O.  H.  Teesdale,  Project  I/-129,  First  Progress  Report  Files  of  tbe  Forest 
Products  Laboratory. 
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ments  of  redwood  fibers  made  at  the  laboratory  showed  the  proportion 
between  length  and  width  to  be  as  96  is  to  1. 

In  loblolly  pine  and  the  majority  of  the  conifers  the  summer  or  late 
wood  penetrates  before  the  spring  or  eariy  wood,  in  spite  of  the  thick- 
walled  elements  of  the  former.  Plate  I,  figure  5,  shows  a  piece  of 
western  larch  summer  or  late  wood  in  cross-section,  and  Plate  I,  figure 
2,  shows  both  the  spring  and  summer  wood  in  pine.  It  is  the  full  pene- 
tration in  the  summer  wood  and  slight  penetration  of  the  spring  wood 
which  gives  the  alternate  black  and  white  stripes  so  familiar  on  the 
quartered  face  of  a  split  pine  paving  block  which  is  not  fully  treated. 

The  bordered  pits  which  are  permeable  to  water  in  the  living  tree 
do  not  appear,  from  the  present  experimental  data,  to  aid  to  a  great 
extent  in  creosote  penetration.  The  regions  where  they  are  largest  and 
most  numerous — ^that  is,  the  spring  wood — usually  absorb  less,  some- 
times no,  oil.  Moreover,  any  absorption  here  takes  place  only  after  the 
elements  with  smaller  pits  are  already  treated.*  The  degree  to  which 
the  cell  wall  transmits  creosote  is  problematic.  It  is  easy  to. show  that 
the  wall  absorbs  creosote.  Nevertheless,  thin-walled  parenchyma  cells, 
such  as  pith,  medullary  ray  cells,  and  tyloses,  do  not  permit  the  passage 
of  the  oil  to  any  such  degree,  even  in  the  most  favorable  situations,  as 
do  the  thick-walled  summer-wood  cells. 

The  fact  cited  by  Mr.  Tiemannf,  that  dry  wood  often  shows  minute 
checks  or  "slits,^*  may  aid  in  the  explanation  of  creosote  penetration, 
although  as  yet  we  have  no  evidence  that  these  ''slits'^  extend  through 
all  the  thickening  layers  of  the  cell  wall.  Well-developed  slits  are  char- 
acteristically shown  in  the  cross-section  of  western  larch,  Plate  I,  fig- 
ure 5.  In  conifers,  they  are  most  frequent  in  the  same  regions  where 
the  greatest  penetration  is  found,  and  considerable  weight  might  be 
attached  to  this  fact  if  it  were  not  for  an  experiment  on  a  block  of  the 
above-mentioned  larch,  where  serial  sections  of  the  dry  wood  showed  a 
full  development  of  "slits"  in  the  summer  wood  in  both  the  sap-wood 
and  the  heart-wood.  These  sometimes  traverse  the  mouth  of  a  pit, 
appear  often  between  pits,  or  frequently  in  spiral  series  criss-crossing 
in  the  last-formed  thickening  layers  of  adjacent  summer-wood  tracheids. 
In  spite  of  the  fact  that  many  of  these  checks  were  present,  as  stated^ 

♦  Since  writing  this.  I.  W.  Bailey's  paper  In  the  current  Forestry  Quarterly 
has  given  valuable  data  on  the  l)ehavior  of  lx)rdered  pits — especially  with 
water  solutions.  The  writer's  recent  studies  also  show  certain  marked  diflfer- 
ences  in  the  structure  and  behavior  of  pits  in  the  spring  and  summer  wood. 

t  American  Railway  Engineering  and  Maintenance  of  Way  Association 
Bulletin  107,  1909. 
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in  both  the  sap  and  heart  wood  of  the  piece  of  larch,  only  the  sap-wood 
treated  with  creosote.  Therefore,  it  seems  evident  that  further  obser- 
vations must  be  made  before  it  is  proved  that  "slits'*  are  responsible  for 
the  selective  creosote  absorption  of  the  summer  wood. 

The  relation  of  resin  canals  to  creosote  penetration  in  conifers  has 
been  overestimated.  That  the  tracheids  are  the  primary  factor  to  be 
considered  in  the  penetration  of  conifers  has  been  definitely  proved 
by  the  results  of  the  treatments  described  in  Mr.  Teesdale's  report  be- 
fore mentioned.  Evidence  on  this  point  was  also  gained  from  the 
microscopical  experiments.  In  a  considerable  number  of  instances  fusi- 
form rays  with  horizontal  resin  canals  were  visible  in  cross-section  on 
the  tangential  surfaces  of  the  blocks  during  penetration.  In  no  case 
did  they  afford  a  free  channel  for  the  passage  of  creosote.  The  studies 
on  tyloses  have  shown  that  these  horizontal  canals  in  many  cases  are 
not  open.  When  they  are  open  they  are  usually  discolored  by  creosote 
in  the  blocks  of  creosoted  wood  examined  after  their  treatment.  Besin 
was  often  visible  in  these  canals  during  treatment.  Nevertheless,  the 
supposed  mutually  solvent  action  of  creosote  and  resin  had  no  apparent 
effect  on  opening  up  the  canals  which  were  surrounded  by  fully  creosoted 
tracheids.  The  ray  cells  also  appeared,  in  the  summer  wood,  to  fill  with 
creosote  only  after  all  the  tracheids  adjacent  were  full.  In  a  few  tests 
made  on  spring  wood  alone  the  general  penetration  was  extremely  slow. 

These  microscopic  experiments  also  showed  that  a  fractionation  of 
entering  creosote  appeared  to  take  place.  The  first  creosote  to  appear 
and  fill  the  lumena  of  the  tracheids  was  pale  amber  color,  about  the 
shade  of  the  summer  wood  in  pine.  This  liquid  had  a  concave  meniscus, 
and  in  good  penetrations  was  soon  replaced  by  a  deeper  brown  liquid 
which,  in  a  heavy  treatment,  became  seal  brown  or  black.  It  is  also  of 
note  that  the  oil  seen  in  sprii^g  wood  was  almost  always  one  of  the 
lighter  shades,  and  this  may  to  some  extent  account  for  the — ^to  the 
naked  eye — ^uncolored  appearance  of  the  alternate  bands  of  spring  wood 
as  seen  in  some  species  of  woods  when  treated  for  use  as  paving  blocks, 
etc.  The  tendency  for  the  fractionation  of  creosote  has  been  further 
confirmed  by  the  work  of  Mr.  Teesdale  and  some  preliminary  work  on 
"Wood  Membranes*'  by  Dr.  Diemer. 

V.   THE  OUTLOOK 

Material  for  new  experiments  on  the  penetration  of  creosote  is  now 
in  preparation.  More  delicate  methods  will  be  applied  to  relatively 
thin,  transparent  sections  instead  of  using  blocks.  Observations  will 
be  made  on  the  behavior  of  a  single  tracheid  or  group  of  tracheids. 
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Microchemical  studies  on  the  composition  of  sap  and  heart  wood  and 
its  relation  to  penetrability  are  also  planned. 

Another  field  of  work  to  which  the  study  of  the  occurrence  of  tyloses 
in  pines  has  given  impetus  is  the  question  of  resin  production  from  tiie 
side  of  the  turpentine  industries.  Plate  IV,  figure  2,  shows  a  cross- 
section  of  long'leaf  pine  cut  just  above  the  peak  of  a  chipped  face.  The 
response  of  the  tree  to  the  wound  stimulus  of  the  chipping  is  very  evi- 
dent in  the  great  increase  in  the  number  of  resin  canals  as  well  as 
parenchjrmatous  tissue  in  last  years  of  growth^  shown  at  the  top  of  the 
figure,  as  compared  witii  the  normal  rings  at  the  bottom  of  the  figure. 
That  there  is  a  reduction  at  this  point  in  the. width  of  the  growth  rings 
and  in  the  thickness  of  the  cell  walls  composing  the  summer  wood  in 
also  remarkably  clear  from  this  figure.  Such  marked  response,  how- 
ever, doe&  not  appear,  from  the  material  at  hand,  to  extend  more  than 
a  few  inches  above  the  wound.  The  possible  advantage  of  removing  a 
still  thinner  chip  than  is  now  customary,  and  so  not  extending  the  face 
so  rapidly  up  the  tree,  may  yet  be  used  as  a  means  better  to  conserve 
the  energy  of  the  tree  without  decreasing  the  yield  of  oleo-resin. 

This  is  only  a  brief  outline  of  the  nature  of  the  work  and  some  of 
the  investigations  belonging  to  this  phase  of  the  study  of  forest  products. 
The  longer  the  work  continues,  the  better  and  clearer  becomes  the  con- 
ception of  the  problems  to  be  solved  and  of  the  means  for  concentrating 
energy  upon  their  solution.  Added  knowledge  will  not  only  open  the 
way  to  new  practice,  but  it  will  also  bring  about  improvements  in  the 
methods  now  used.  The  reduction  of  waste  and  increase  in  efficiency 
due  to  intelligent  utilization  will  help  toward  the  realization  of  that 
much^desired  object^  the  proper  conservation  of  resources. 

Descbiption  of  Plate  I 

B^otTiUB  1. — Cross-section  of  a  steel  ball  highly  magnified. 

FiouBE  2. — Cross-section  of  a  piece  of  wood  at  same  magnification  as  the  steel. 

FiGUBB  3. — ^Bordered  pits  on  the  radial  walls  of  the  pine  trachelds,  highly 

magnified. 
FiGiTBB  4. — Grating  connecting  the  segments  of  the  tubes  or  vessels  which 

function  as  sap-conducting  channels  In  red  gum,  Liquidamhar 

styraciflua. 
Figure  5. — ^Western  larch,  Larix  occidentalia,  summer  or  late  wood,  showing 

small  checks  or  "slits"  in  the  Inner  thickening  layers. 
FiGUBE  6. — ^Radial  surface  of  a  creosoted  hickory  block  showing  transparent 

untreated  tyloses,  t,  In  vessel  cavity. 
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Description  of  Plate  II 

Six  Woods  Used  in  Wagon  Ck>iistruction  Reproduced  at  tbe  Same  Magniflca- 

cation  and  Therefore  Directly  Comparable 

The  following  prominent  structural  features  are  Indicated  as  follows : 

AR — ^Annual  ring. 

B — Spring  or  early  wood. 

L — Summer  or  late  wood. 

V — ^Vessels  or  pores. 

T — ^Tyloses,  when  present 
MR — ^Medullary  rays. 

FiGUBB  1. — A  typical  ring-porous  wood,  a  "commercial"  white  oak,  Qtterous 

minor. 
FiGXTBE  2. — ^Pignut  hickory,  Hicoria  glabra. 
FioTTBB  3. — Oregon  ash,  Fraxinu^  oregona. 

FiouBB  4. — A  typical  diffuse  porous  wood;  tulip,  Liriodefidron  tulipifera. 
FiGUBX  6.~Elm,  Ulmus  americana. 
B^GUBE  6. — Osage  orange,  7y>xylon  pomiferum. 

Descbiftion  of  Plate  III 

A  Non-porous  Wood 

Short-leaf  pine,  Finus  eohinatd,  showing  at  the  same  magnification  the  three 
planes  In  which  each  collection  specimen  is  cut  and  the  way  In  which  the 
characteristic  features  of  each  plane  are  illustrated. 

Figube  1. — Transverse  or  cross-section. 

Shows :     AR — Junction  of  two  annual  rings, 
t— Tracheids  or  "fibers." 
L — Summer  or  late  wood. 
RC — ^Vertical  resin  canal. 
MR — Medullary  rays. 
E3 — Early  or  spring  wood. 

Figure  2. — Radial  or  "quartered" .  surf  ace. 

Shows :       T — Trachelds  or  "fibers." 
B — Bordered  pits. 
MR — Medullary  rays. 
RT — ^Dentate  ray  trachelds. 

Figube  3. — ^Tangential  or  "bastard"  face. 

Shows :       T — ^Trachelds. 

B — ^Bordered  pits  in  profile. 
MR — ^Linear  medullary  ray. 
FMR — Fusiform  medullary  ray. 
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Description  of  Plate  IV 

FiouBE  1. — The  Jung  Thoma  sliding  microtome  used  for  making  thin  sections 

of  wood  for.  microscopic  study. 

Shows:  A  section  lying  on  the  knife  blade  and  a  typical  strip 
from  which  study  material  Is  obtained  resting  on  the 
knife  case. 

FiGUBE  2. — Long-leaf  pine,  Pinus  palusttHn,  cross-section  just  above  tlie  peak 
of  a  chipped  face. 

Shows:  Relative  size  and  number  of  resin  canals  normally  (NRC) 
and  after  chipping  (RG). 
Also  the  quality  of  the  summer  wood  formed  in  the  two 
cases — NL  and  L. 

FiGUBE  3. — ^Fungus  mycelium  In  a  radial  section  of  pine. 

Figure  4. — Chemical  pulp  made  from  aspen,  Populus  trem  itloides. 

Shows :  The  "fibers,"  f. 

A  vessel  segment,  v,  in  the  center  of  the  field. 


HOW  CAN  WE  MAKE  OUB  STUMP  AGE  MORE  VALUABLE? 

BY  HOWARD  P.   WEISS 

Delivered  before  the  Hmictif  March  6,  1913 

Professor  Silliman,  writing  in  the  American  Journal  of  Science,  in 
1883,  of  the  Seneca  oil  spring,  says: 

^T!t  rises  in  the  midst  of  a  marshy  ground,  a  muddy,  diriy  pool  of 
about  18  feet  in  diameter.  The  water  is  covered  with  a  thin  layer  of 
petroleum,  which  they  collect  by  skimming  like  cream  from  a  milk  pan. 
It  has  a  very  foul  appearance  like  diri;y  tar  or  molasses,  but  is  purified 
by  heating  and  straining  while  hot  through  flannel.  It  is  used  by  the 
people  of  the  vicinity  for  sprains  and  rheumatism  and  for  sores  on  their 
horses.  It  is  not  monopolized  by  any  one,  and  is  carried  away  freely  by 
all  who  care  to  collect  it,  and  for  this  purpose  the  spring  is  frequently 
visited.'* 

Here  is  what  J.  J.  McLaurin  quotes  in  his  "Sketches  in  Crude  Oil" 
from  the  experience  of  earlier  settlers : 

*We  were  invited  by  the  chief  of  the  Senecas  to  attend  a  religious 
ceremony  of  his  tribe.  We  marched  upstream  half  a  league,  where  a 
large  band  had  arrived  some  days  before  us.  The  great  chief  recited 
the  conquests  and  heroisms  of  his  ancestors.  The  surface  of  the  stream 
was  covered  with  a  thick  scum,  which,  upon  applying  a  torch,  burst  into 
a  complete  conflagration.  At  the  sight  of  the  flames  the  Indians  gave 
forth  a  triumphant  shout  that  made  the  hills  and  valley  re-echo  again.'* 

Those  of  you  who  are  conversant  with  forest  conditions  in  this  country 
will  see  in  the  above  quotations  two  words  typifying  our  forest  practice — 
skimming  and  conflagration;  they  are,  unfortunately,  "American  for- 
estry.'* 

It  ia  the  "skimming"  aspect  of  forestry  that  I  wish  to  call  to  your 
attention,  but  before  doing  so  let  us  analyze  a  little  further  the  history 
of  the  petroleum  industry,  and  see  what  lessons  we  can  draw  from  it. 
In  so  doing,  I  wish  to  state  at  the  outset  that  I  am  absolutely  opposed  to 
certain  pernicious  methods  used  by  some  petroleum  companies  to  secure 
the  monopolistic  position  which  they  now  enjoy.  So  I  pass  any  discus- 
sion of  them  with  the  confidence  that' able  minds  can  and  will  find  prac- 
tical means  of  successfully  grappling  with  them. 

U75) 
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Although  the  boring  for  oil  began  about  1810,  it  was  not  until  1859 
that  the  industry  established  itself.  During  that  year  about  2,000  bar- 
rels of  petroleum  were  produced.  Our  production  is  now  about  200,- 
000,000  barrels  yearly,  and  the  total  value  of  the  products  is  about 
$125,000,000.  In  1889  there  were  94  refineries  in  the  United  States; 
10  years  later  there  were  67,  a  decrease  of  28.7  per  cent.  But  while  this 
shrinkage  occurred  in  the  number  of  plants,  the  capital  invested  in- 
creased 23  per  cent  and  the  annual  output  from  35,000,000  to  58,000,000 
barrels,  or  61  per  cent.  In  the  tremendous  expansion  of  this  industry 
there  are  two  commendable  things  which  stand  out  prominently  and 
bear  directly  upon  an  analysis  of  the  lumber  situation;  they  are: 

1.  The  development  of  new  uses  through  extensive  experimenting. 

2.  The  consolidation  of  scattered  interests  into  working  units. 
Without  these,  the  industry  would  still  be  undeveloped.     From  such 

primitive  uses  as  crude  fuel  and  salve  hundreds  of  products  have, 
through  painstaking  research,  been  derived,  each  of  which  is  adding  its 
share  of  profits  from  this  one  great  natural  resource.  It  is  well  to  keep 
this  fact  in  mind. 

What  is  true  of  the  refining  industry  is  true  of  the  packing  industry, 
the  steel  industry,  and  other  big  successful  enterprises.  How  different 
from  the  slogan  circulated  this  spring  by  the  lumbermen  at  one  of  their 
recent  conventions,  "Shall  we  man  the  guns  now  or  the  pumps  later?" 
What  are  "the  guns"  ?     In  the  author's  opinion  they  are : 

1.  Improved  manufacture  and  the  development  of  new  uses. 

2.  The  consolidation  of  scattered  interests  into  workable  units. 

In  American  forestry  destructive  and  wasteful  methods  begin  in  the 
forests  with  the  cutting  of  the  timber,  and  continue  until  the  finished 
product  is  loaded  for  shipment.  Each  step  takes  its  share  from  the 
profit  bag  and  cripples  the  permanency  of  the  industry.  To  even  at- 
tempt a  discussion  of  improved  methods  in  forest  management  wouM 
prolong  this  paper  to  a  volume.  I  will  not  attempt  it,  but  will  dwell 
primarily  on  the  efficiency  with  which  our  forests  are  now  being  utilized 
and  the  possibilities  of  increasing  this  efficiency.  Of  what  value  is  it  to 
grow  timber  if  we  are  going  to  wantonly  destroy  it? 

Three  rather  distinct  lines  for  improvement  in  forest  utilization  pro- 
sent  themselves : 

1.  The  utilization  of  waste  material  resulting  from  manufacture. 

2.  Improvement  in  sawing  logs. 

3.  The  conversion  of  timber  into  that  use  for  which  its  intrinsic  prop- 
erties best  fit  it. 
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The  wastes  (which,  of  course,  are  subject  to  wide  variation)  at  present 
occurring  in  converting  a  normal  tree  into  lumber  are  about  as  follows ; 

2  per  cent  in  stumps 

18  «  "  "  tops 

12  ''  "  "   dust 

10  «  "  "  bark 

8  «  "  "  slabs 

8  "  "  *'   edgings  and  trimmings 

4  "  "  "   shavings 

62  per  cent — ^total 

In  other  words,  out  of  the  total  volume  of  the  living  tree  only  38  per 
cent  is  now  utilized,  the  rest  being  practically  a  total  loss ;  some  of  it,  it 
is  true,  is  used  for  fuel ;  but  even  then  the  most  wasteful  means  are  em- 
ployed. With  an  industry  having  such  enormous  losses  it  is  only  reason- 
able to  expect  that  it  cannot  be  maintained  in  a  permanent  flourishing 
condition.  The  petroleum  industry,  however,  faced  a  problem  no  easier 
of  solution. 

Obviously,  our  big  problem  then  is  to  utilize  this  waste.  How  can  we 
do  it?  The  best  means  are  not  at  present  thoroughly  known;  in  fact, 
this  phase  of  the  business  is  still  in  the  egg.  However,  certain  progress 
has  already  been  made  and  commercial  success  in  some  lines  already 
established,  as  will  be  shown  further  on.  For  purposes  of  this  discussion 
we  will  divide  our  various  trees  into  three  classes,  namelv : 

1.  Hesinous  conifers  like  long-leaf  pine,  Cuban  pine,  etc. 

2.  Non-resinous  conifers  like  white  pine,  hemlock,  spruce,  etc. 

3.  Hardwoods  like  beech,  maple,  hickory,  elm,  etc. 

For  resinous  woods  the  following  operations  are  possible : 

1.  The  stump,  top,  slabs,  edgings,  and  trimmings  can  be  hogged, 
shredded,  and  mixed  with  the  dust  and  shavings  for  conversion  into 
ethyl  alcohol,  collecting  turpentine  and  some  acetic  acid  as  by-products. 
After  such  conversion  about  65  to  70  per  cent  of  the  material  will  still 
be  available  for  fuel. 

2.  The  stump,  top,  dust,  and  shavings  can  be  hogged,  shredded,  and 
converted  into  products  as  in  case  one,  while  the  slabs,  edgings,  and  trim- 
mings can  be  made  into  pulp. 

Let  us  illustrate  these  principles  as  follows: 

A  long-leaf  pine  tree  12  inches  in  diameter  breast  high  and  75  feet 
high  will  have  a  volume  of  about  21  cubic  feet.  According  to  present 
practice  the  tree  will  be  felled  and  sawed  into  lumber,  100  feet  b.  m. 
being  taken  from  it,  which,  valued  at  $15  per  1,000,  will  make  the  gross 
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value  of  ita  products  $1.50.  If,  now,  the  rest  of  the  tree  were  utilized 
as  in  case  one,  there  could  be  recovered  one-fifth  gallon  of  turpentine, 
worth  8  cents,  and  3  gallons  of  ethyl  alcohol,  worth  $1.35,  making  the 
gross  value  of  the  tree  $2.93,  or  an  increase  of  95  per  cent.  The  in- 
crease in  the  net  profits  would  be  about  140  per  cent. 

If  operation  number  two  were  followed  there  would  result  0.12  gallon 
turpentine,  worth  5  cents,  2  gallons  ethyl  alcohol,  worth  90  cents,  and 
60  pounds  of  paper,  worth  $1.80,  a  total  gross  value  for  the  tree  of  $4.25, 
or  an  increase  of  183  per  cent.  The  net  increase  in  profits  would  be 
about  240  per  cent. 

Nor  is  this  all.  The  tree  could  be  orcharded  three  years  prior  to  cut- 
ting without  depreciating  the  value  of  the  lumber.  This  would  yield 
three-fifths  gallon  of  turpentine,  worth  24  cents,  and  18  pounds  of  resin, 
worth  45  cents,  or  a  total  of  69  cents,  and  net  profit  of  15  cents. 

If  we  do  away  with  the  sawmill  entirely,  and  substitute  a  paper  mill, 
converting  the  whole  usable  length  of  the  tree  into  paper,  we  could  pro- 
duce about  245  pounds  of  pulp,  worth  as  wrapping  paper  about  $7.35, 
which,  added  to  the  69  cents  from  turpentine  orcharding,  would  make 
the  gross  value  of  the  tree  about  $8.04,  and  the  net  profit  $2.60.  This 
calculation  does  not  include  any  turpentine  which  could  be  collected 
during  digestion,  and  it  figures  the  cost  of  wood  at  about  $10  a  cord, 
whereas,  with  pine  stumpage  at  $2.50  per  thousand,  its  actual  cost  per 
cord  would  be  about  $1.50.  Surely,  then,  these  figures  are  conservative. 
The  possible  effect  of  these  various  operations  on  the  gross  value  of 
products  obtainable  from  long-leaf  pine  is  shown  graphically  in  fi^gure  1. 

Except  for  the  collection  of  turpentine  and  resin,  all  the  operations 
suggested  above  are  possible  for  non-resinous  conifers  like  hemlock, 
spruce,  tamarack,  etc.  The  value  of  spruce  for  paper  has  been  so  long 
understood  that  it  finds  one  of  its  chief  uses  now  for  that  purpose.  I  do 
not  contend  that  all  non-resinous  conifers  can  be  converted  profitably 
into  paper;  but  many  of  them — in  fact,  most  of  them — can  be  used 
either  alone  or  in  mixture  with  other  species,  and  if  so  used  the  value 
of  the  products  taken  from  them  will  be  increased. 

The  more  efficient  utilization  of  hardwoods  presents  an  entirely  differ- 
ent problem  from  softwoods.  Hardwoods,  as  a  rule,  are  seldom  adapted 
to  paper-making,  and,  of  course,  contain  no  turpentine  or  resin.  Hard- 
wood waste  can,  however,  be  profitably  utilized  for  the  manufacture  of 
ethyl  alcohol,  although  practically  nothing  has  been  done  so  far  along 
this  line.  If  destructively  distilled,  such  waste  will  yield  products  in 
paying  quantities. 
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OPERATION  I 


$1.50 


$0.49 


OKRATION'  2 


$0.03 


OPBRATION  8 


$1.24 


OPIRATION  4 


GROSS  VALUE 
dD  NET  VALUE 


S0.04 


Figure  1 

The  operations  possible  for  the  utilization  of  hardwood  waste  may  be 
illustrated  as  follows: 

Assume  a  yellow  birch  tree  16  inches  in  diameter  breast  high  contains 
35  cubic  feet : 

Operation  1.  Suppose  the  usable  top,  limbs,  slabs,  edgings,  and  trim- 
mings, comprising  about  22  per  cent  of  the  tree  volume,  are  destructively 
distilled.  They  will  yield  14  pounds  of  acetate  of  lime,  worth  35  cents, 
0.7  gallon  of  methyl  alcohol,  worth  20  cents,  and  3.6  bushels  of  charcoal, 
worth  22  cents.'  According  to  usual  practice,  the  tree  would  simply  be 
cut  into  lumber  yielding  about  168  feet,  board  measure,  worth  about  $3 
($18  per  1,000).  By  the  addition  of  the  operations  suggested  this  would 
be  raised  to  $3.77,  or  a  gross  increase  of  26  per  cent. 

Operation  2.  If,  in  addition  to  the  above,  the  dust  and  shavings  were 
converted  into  ethyl  alcohol,  they  would  yield  about  1.5  gallons,  worth 
67  cents.    The  gross  value  of  the  by-products  would  then  be  $1.44,  rais- 
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ing  the  total  gross  value  of  the  tree  to  $4.44,  or  an  increase  of  48  per 
cent.  In  addition  to  the  ethyl  alcohol,  appreciable  quantities  of  acetic 
acid  could  be  collected,  but,  to  be  conservative,  this  was  not  figured  in 
the  example. 

Next  in  importance  to  the  utilization  of  waste  comes  the  correct  saw- 
ing of  logs.  A  lumberman  would  not  attempt  to  saw  limbs  ofiF  his  trees 
and  manufacture  them  into  boards.  Of  course  not;  it  would  be  ridicu- 
lous ;  but  he  will  attempt  to  saw  logs  that  bring  him  nothing  but  a  loss. 
What  is  the  essential  difference?  If  we  call  a  limb  a  log,  would  he 
saw  it?  It  stands  to  reason,  with  a  raw  material  varying  as  much  as  a 
tree  varies  in  shape,  size,  character,  etc.,  there  must  be  certain  parts  of 
it  that  pay  best,  and  other  parts  that  pay  nothing  at  all ;  in  other  words, 
the  profits  cease  after  a  certain  point  has  been  reached,  and  closer  sawing 
means  a  loss.  How  many  lumbermen  take  advantage  of  this  fact  and 
know  where  that  point  is  in  their  operations? 

About  eight  years  ago  several  hundred  trees  were  cut  in  the  Adiron- 
dacks  and  sawed  into  lumber.  The  size  of  each  tree  was  measured,  as 
was  also  the  size  and  number  of  each  log  cut  from  them ;  then  the  logs 
were  run  through  a  sawmill  according  to  the  usual  practice,  and  the 
grade  and  amount  of  lumber  cut  from  each  determined.  About  that 
time  $11  per  1,000  feet  b.  m.,  f.  o.  b.  miU  was  a  fair  cost  for  stumpage, 
logging,  and  manufacture  under  these  conditions.  A  result  of  this  study 
is  shown  graphically  in  figure  2.  Every  yellow-birch  tree  less  than  17 
inches  in  diameter  was  manufactured  at  a  loss.  What  was  true  for  yel- 
low birch  was  also  true  for  sugar  maple  and  beech,  and  this  condition  is 
true  in  most  sawmills  now  operating  in  the  United  States.  If  yellow- 
pine  operators  sawed  only  clear,  straight  logs  10  inches  and  over  in  diam- 
eter, they  could  increase  the  average  value  of  their  mill  run  about  $5  per 
1,000  feet,  b.  m. 

•What,  then,  should  be  done  with  these  small  logs?  Waste  them? 
Certainly  not.  Two  courses  are  open:  If  they  come  from  small  trees, 
let  these  trees  grow;  if  they  come  from  top  logs,  manufacture  them  into 
products  that  will  yield  a  profit.  It  may  be  only  a  hewn  tie,  or  it  may 
be  pulp  or  alcohol,  but  whatever  it  is,  let  it  be  something  that  will  tfield 
a  profit  and  not  eat  into  the  profits. 

It  is  entirely  possible  to  saw  logs  with  least  waste,  but  at  the  same 
time  operate  inefficiently.  By  this  I  mean  that  the  timber  is  not  put 
to  the  best  use  to  which  its  intrinsic  properties  fit  it.  Woods,  as  you 
know,  differ  greatly  in  their  physical  and  mechanical  properties.  If 
these  are  not  considered  in  manufacturing,  the  logs  are,  to  my  mind, 
just  as  badly  handled  as  those  that  are  sawed  improperly.    For  example. 
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I  have  seen  many  ties  made  of  white  oak,  hickory,  cherry,  butternut, 
and  even  walnut,  and  the  specifications  of  many  of  our  leading  railroads 
still  call  for  such  ties.  To  my  mind  such  practice  is  an  economic 
waste.  I  saw  last  winter  a  large  yellow-pine  sawmill  priding  itself  on 
the  utilization  of  its  low-grade  stuff,  which  it  was  converting  into  boxes. 
Yellow  pine  is  one  of  the  poorest  materials  for  boxes.  Its  make-up 
is  against  such  use.  Not  until  the  lumberman  pays  more  attention  to 
the  intrinsic  value  of  his  timber  will  these  conditions  get  better.  He  is 
killing  the  goose  that  laid  the  famous  egg. 

But  daylight  is  breaking!  The  Du  Pont  Powder  Company  has  now 
in  operation  a  plant  for  manufacturing  ethyl  alcohol  from  mill  waste. 
It  surely  is  gratifying  to  see  the  conveyor  which  formeriy  dumped  its 
burden  into  a  massive  burner,  filling  the  surrounding  air  with  smoke 
and  cinders,  now  dumping  it  into  a  hopper  from  which  the  material  is 
gradually  converted  into  refined  alcohol  at  the  rate  of  1,000  gallons  a 
day.  The  FuUerton  Lumber  Company  is  following  suit,  and  is  now 
erecting  a  plant  at  a  cost  of  $750,000  that  will  have  a  capacity  of  5,000 
gallons  of  alcohol  daily.  Thousands  of  long-leaf-pine  trees  are  felled 
annually  without  having  been  tapped,  although  a  net  profit  of  from 
$500  to  $1,000  per  crop  can  be  realized  without  in  any  way  damaging 
the  timber.  The  Houston  Oil  Company  knows  this  and  is  profiting  by 
it.  Englishmen  have  discovered  the  value  of  our  long-leaf  pine  for 
paper-making,  and  are  now  erecting  a  million-dollar  plant  in  Missis- 
sippi for  this  purpose.  Some  progressive  lumbermen  in  East  Texas 
were  not  satisfied  with  wasting  their  slabs,  and  got  together  and  erected 
a  paper  plant  to  utilize  them.  They  are  now  imderselling  their  com- 
petitors in  the  Minneapolis  paper  market.  The  Goodman  Lumber  Com- 
pany realized  it  was  losing  money  by  trying  to  convert  its  small  hard- 
wood logs  and  tops  into  lumber,  and  is  now  erecting  a  destructive  dis- 
tillation plant  to  bring  this  material  to  the  mill  where  it  will  be  manu- 
factured at  a  profit  and  not  at  a  loss.  Other  operators  at  Cadillac  have 
also  been  doing  this  successfully. 

But  such  cases  are  all  too  few.  A  large  percentage  of  the  profits 
that  have  been  made  in  the  lumber  business  has  come  through,  the  rise 
in  stumpage  value,  and  not  through  the  manufacturing  end  of  the  "bust* 
ness.  Furthermore,  this  rise  has  been  brought  about  largely  through 
curtailment  in  the  supply  of  our  raw  material,  which,  from  the  stand- 
point of  the  nation's  welfare,  is  the  worst  way  to  cause  a  rise.  If, 
now,  stumpage  values  do  not  rise  appreciably  in  the  future,  obviously 
those  concerns  which  acquired  their  holdings  at  comparatively  high 
prices  will  be  the  first  to  feel  seriously  any  slump  in  the  market;  in  fact. 
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this  condition  has  already  prevailed.  It  is  largely  the  result  of  great 
economic  changes  that  are  in  progress,  which  neither  the  lumbermen 
nor  any  one  else  can  stop.  To  expend  energy  in  combating  them 
through  advertising  or  any  other  way  would  be  as  bootless  as  old 
Canute^s  attempt  to  command  the  sea.  Unquestionably,  the  only  logical 
course  for  the  lumber  interests  to  pursue  is  to  mold  present  practice  to 
meet  modem  changes;  to  find,  as  in  the  examples  I  have  cited,  some 
other  way  to  work.  If  history  and  experience  are  worth  anything,  they 
at  least  teach  us  this. 

What  are  these  economic  changes  ?  Tersely,  they  may  be  summarized 
in  two  words — ^better  construction.  About  50  per  cent  of  all  lumber 
is  consumed  by  the  building  trades,  where  it  comes  in  direct  competi- 
tion with  clay  products,  cement,  and  steel.  With  the  development  of 
the  country  and  the  construction  of  more  permanent  buildings  the  role 
of  lumber  in  such  construction  is  bound  to  play  a  diminishing  part. 
Already  the  differential  in  cost  between  buildings  of  wood  and  those 
constructed  of  other  materials  is,  in  many  localities,  inappreciable. 
Furthermore,  the  tendency  is  for  many  of  the  so-called  substitutes  to 
decrease  rather  than  increase  in  cost.  Take  cement,  for  example:  Its 
cost  has  gradually  dropped  from  $2.15  per  barrel  in  1883  to  $0.81  per 
barrel  in  1909.  How  can  lumber  permanently  rise  in  value  in  the  face 
of  such  competition?  Obviously,  new  uses  must  be  found;  new  chan- 
nels for  exploitation  must  be  developed.  What  is  true  of  buildings  is 
also  true  of  other  forms  of  industrial  development.  !N"ote  the  almost 
complete  annihilation  of  the  wooden  coal  car;  the  rapid  introduction 
of  the  steel  passenger  car ;  the  increasing  use  of  steel  and  concrete  poles 
and  posts;  the  gradual  elimination  of  wood  in  vehicles;  the  concrete 
silo;  and  kindred  other  commodities  where  wood  once  held  complete 
sway.  Of  course,  the  counter-argument  is  that  although  the  use  of 
substitutes  is  increasing,  so  is  the  country,  and  the  demand  for  wood 
will  remain  strong  enough  for  it  to  maintain  at  least  its  present  status. 
Were  I  a  lumberman  I  should  prefer  not  to  be  blinded  by  such  dodo 
optimism.  The  demand  for  high-grade  lumber  will  probably  always  be 
with  us,  as  is  indicated  by  the  character  of  our  lumber  exports;  so  the 
by-products  plant,  which  is  primarily  adapted  for  waste  and  low-grade 
material,  will  not  annihilate  the  sawmill,  but  simply  supplement  it. 

We  have  considered  the  losses  due  to  waste,  to  improper  sawing  of 
the  logs,  and  to  misapplication  of  the  timber,  and  have  indicated  how 
the  correction  of  these  evils  would  increase  the  value  of  the  products 
derived  from  the  timber.  If  these  practices  were  followed  it  would 
mean  an  increase  in  the  value  of  the  stumpage,  since  is  not  stumpage 
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value  dependent  upon  the  value  of  its  products?  I  wish  to  repeat 
again  that  the  suggestions  for  increased  utilization  which  have  been 
made  are  but  suggestions.  The  gap  between  suggestion  and  practical 
accomplishment  is  a  wide  one,  and  a  tremendous  amount  of  work  must 
be  done  before  this  gap  can  be  spanned.  This  leads  us  to  our  second 
big  problem,  viz.,  suitable  working  units. 

To  make  practicable  the  above  technical  suggestions  there  must  be 
a  sufficient  amount  of  material  with  which  to  work,  and  this  material 
must  be  available  for  the  future,  as  well  as  the  present.  It  is  entirely 
feasible  for  a  company  to  erect  a  sawmill  and  wipe  out  a  fine  forest  in 
ten  years,  after  which  the  plant  can  be  abandoned  with  a  profit.  Not 
so  with  most  of  the  by-product  industries  which  have  been  mentioned. 
They  are  too  costly  for  mushroom  operation.  It  is  largely  because  of 
this  that  greater  numbers  of  forest-products  plants  are  not  in  operation. 
If  the  number  of  such  plants  is  to  increase,  we  must  have  for  them 
an  assured  supply  of  raw  material  for  years  to  come.  In  one  way 
this  is  a  commendable  feature,  because  it  adds  permanency  to  the  man- 
agement of  forest  areas  and  will  make  companies  interested  in  growing 
timber  on  these  areas — a  phase  in  which  few  of  them  are  now  con- 
cerned. We  all  admit  that  enormous  wastes  are  taking  place,  but  tiiese 
wastes  can  never  be  utilized  until  the  thousands  of  scattered  holdings 
are  combined  into  efficient  working  units  and  hundreds  of  inefficient 
sawmills  now  operating  and  furnishing  lumber  to  the  open  market  are 
exterminated.  Of  the  42,000  sawmills  in  this  country,  over  28,000, 
or  6  per  cent,  have  a  capacity  of  between  50,000  and  600,000  feet, 
b.  m.,  per  year.  But  the  waste  caused  by  them  is  in  the  aggregate 
not  nearly  so  great  as  the  waste  caused  by  their  larger  brothers. 

Last  spring  I  had  occasion  to  study  the  hardwood  situation  along  the 
Tennessee  River.  The  following  inventory  of  what  I  saw  at  one  of  the 
mills  is  illustrative  of  that  region : 

Timber:  The  finest  hardwoods,  of  hickory,  ash,  walnut,  chest- 
nut, etc. 

Equipment:  One  portable  engine  and  a  54-inch  circular  saw, 
4  mules,  1  horse,  6  chains,  2  bales  of  wire,  and  3  live  dogs. 

Capacity :  5,000  feet,  b.  m.,  per  working  day. 

Operative  force:  Head  boss  and  sawyer,  '*the  old  manf'  car- 
riageman,  *^the  old  man's"  oldest  son;  fireman,  *'the  old  man's** 
second  son;  logging  bosses,  swampers,  and  teamsters,  ^the  old 
manV  two  younger  sons;  cook,  '*the  old  man's*'  woman;  cookie, 
.  "the  old  man's"  oldest  daughter;  emergency  help,  "the  old 
man's"  six  other  children,  general  assistimts  too  young  yet  to 
woric 
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Selling  price  of  product :  Slab  of  bacon^  sack  of  potatoes,  sack 
of  flour,  plug  of  tobacco,  horse  feed,  felt  hat,  a  gingham  dress, 
and  other  incidentals ;  in  short,  the  "old  man's*'  and  his  family's 
existence. 

Against  such  a  combination  the  "modem"  sawmill  has  to  compete. 
No  wonder  many  of  them  found  it  cheaper  to  shut  down  completely 
and  buy  their  lumber  from  such  mills  during  the  recent  panic.  I  do 
not  advocate  and  am  by  no  means  in  favor  of  depriving  these  little  hack* 
woods  sawyers  of  a  living.  They  have  as  much  right  to  live  as  any  of 
us;  but  what  I  do  believe  is  that  in  general  their  operations  should 
cease  with  the  conversion  of  the  standing  tree  into  logs  and  delivery  at 
a  marketable  point.  There  is  no  more  reason  why  such  little  operators 
should  send  lumber  to  the  geiieral  market  than  there  is  for  farmers  to 
send  dead  pigs  to  Chicago.  On  the  other  hand,  there  is  just  as  good 
a  reason  why  these  little  fellows  should  make  lumber  for  their  home 
consumption  as  there  is  for  the  farmer  to  kill  his  pigs  for  home  con- 
sumption. I  realize  the  monopolistic  danger  of  the  scheme  advocated, 
but  monopoly  can  and  will  be  overcome.  There  is  a  sharp  distinction 
between  efficient  operation  and  monopoly.  If  our  forests  are  to  be 
efficiently  used  and  not  ruthlessly  destroyed,  we  must  have  them  com- 
bined into  sufficiently  large  working  units,  so  that  conservative  utilizar 
tion  is  practical.  To  do  this  the  actual  purchase  and  ownership  of  the 
land  by  large  holding  companies  may  not  always  be  necessary.  But 
the  increased  efficiency  of  utilization  would  make  it  impracticable  for 
the  destructive  and  inefficient  mills,  whether  large  or  small,  to  operate, 
because  they  could  not  compete  with  the  efficient  mills,  and  would  con- 
sequently be  undersold.  Not  until  this  is  accomplished  can  forest. utili- 
zation ever  approach  the  efficiency  with  which  other  big  resources  are 
now  used. 

It  has  been  argued  that  such  close  utilization  would  result  in  forest 
annihilation  rather  than  conservation.  If  giving  stumpage  an  increased 
value  means  forest  destruction,  then  this  charge  is  true.  To  my  mind, 
increased  stumpage  values  on  forest  areas  make  practical  the  more  in- 
tensive management  of  those  areas,  and  that  is  just  the  result  desired. 
Who  is  going  to  employ  a  forester  to  administer  a  forest  area  the  re- 
turns from  which  do  not  even  pay  the  forester's  salary?  If,  now,  you 
can  through  more  efficient  utilization  increase  the  revenue  from  tiiat 
forest  area  so  that  its  administration  pays,  then  you  have  conmiercially 
justified  such  administration,  and  not  until  then. 
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To  Bum  up :  It  is  the  author's  opinion  that  American  forestry  urgently 
needs: 

1.  Better  utilization  of  its  forests. 

2.  Consolidation  of  scattered  holdings  into  workable  units. 

For  most  effective  results  these  two  requirements  cannot  be  separated. 
Providing  the  working  unit  is  of  sufficient  size,  better  utilization  can 
be  brought  about  in  common  practice  by : 

1.  Converting  a  large  percentage  of  forest  and  mill  waste  into 
merchantable  products,  such  as  alcohol,  paper,  turpentine,  acetate  of 
lime,  etc. 

2.  Cost-keeping  the  value  of  the  products  cut  from  logs  of  various 
kinds  and  sizes,  so  as  to  know  definitely  the  minimum  limits  of  profit, 
and  thus  converting  what  are  now  losses  into  profits. 

3.  Considering  the  physical  and  mechanical  properties  of  each  kind 
of  wood  and  then  putting  the  wood  to  that  use  for  which  these  properties 
best  fit  it,  thus  getting  larger  returns  from  the  raw  material. 

Adherence  to  the  above  will  unquestionably  raise  the  value  of  stump- 
age,  because  more  will  be  got  out  of  stumpage.  It  will  make  practicable 
more  intensive  forest  management  than  is  now  possible,  and  will  place 
the  practice  of  forestry  on  a  broader,  more  profitable,  and  more  perma- 
nent basis  than  it  is  at  present. 


THE   FUTUBE   UTILIZATION   OF  TIMBEtt 

BY  B.   S.   KELLOGG 
Delivered  before  the  Society  March  6,  1913 

At  the  outset  I  wish  to  confess  that  six  or  seven  years  ago  I  would 
have  undertaken  the  discussion  of  this  subject  with  a  great  deal  more 
confidence  than  I  do  now.  There  are  a  multitude  of  phases  of  America's 
third  greatest  manufacturing  industry^  fmd  perhaps  too  intimate  ac- 
quaintance with  some  of  the  details  prevents  one  from  getting  a  proper 
perspective.  It  is,  therefore,  with  much  hesitancy  that  anything  is 
written  upon  the  topic  presented  here  tonight,  and  1  have  little  hope 
that  anything  I  may  say  will  be  in  any  way  of  original  or  particularly 
useful  character.  The  best  I  can  do  is  to  point  out  some  reasons  why 
timber  utilization  is  at  present  so  incomplete,  and,  by  contrast,  indicate 
conditions  which  make  fuller  utilization  practicable. 

I  would  like  to  suggest  that  the  topic  upon  the  printed  program  for 
the  season — "Future  Utilization  and  Marketing  of  Forest  Products*' — is 
unfortunately  worded.  By  calling  the  theme  for  discussion  "The  Future 
Utilization  of  Timber,*'  we  shall  better  get  at  the  underlying  idea.  In 
the  first  place,  there  can  be  no  utilization  without  a  market;  secondly, 
timber  is  utilized  when  it  reaches  the  stage  of  a  forest  product,  if  my 
understanding  of  the  term  product  is  correct. 

The  wholesale  timber  waste — I  believe  we  put  it  at  from  50  to  76  per 
cent  in  the  report  of  the  Conservation  Commission — ^is  caused  very 
much  more  by  lack  of  a  market  than  by  lack  of  desire  to  utilize  on  the 
part  of  either  producer  or  consumer.  Often  the  entire  capital  of  the 
lumberman,  together  with  all  the  fimds  that  he  can  borrow,  is  invested 
in  timber.  It  is  not  likely  that,  under  such  circumstances,  he  will 
ruthlessly  destroy  his  property.  On  the  contrary,  he  makes  every  effort 
he  knows  to  utilize  his  timber  closely  and  to  get  a  profit  from  his 
stumpage.  The  lumberman  is  very  human,  like  the  rest  of  us.  He 
may  be  ill-advised  sometimes,  and  poorly  informed  at  other  times,  but 
he  is  generally  attending  to  business  and  making  a  fight  to  decrease 
waste.  We  must  give  him  credit  for  good  intentions  of  this  sorl^  how- 
ever much  there  may  be  to  criticise  in  the  results  he  obtains. 

There  are  only  two  ways  for  the  owner  to  make  money  out  of  his 
timber,  and,  like  the  rest  of  us,  he  would  not  have  bought  timber  in 
the  first  place  had  he  not  expected  to  make  money  out  of  it.    The  first 
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method  is  to  hold  his  timber  for  a  rise  in  stumpage  prices,  and  sell  it 
when  he  is  satisfied  with  the  increment.  This  is  judicious  investment; 
the  same  as  one  buys  favorably  located  farm  land,  city  lots,  or  other 
properi:y  that  in  all  human  probability  will  rise  in  value.  The  second 
method  which  the  timber  owner  has  of  making  money  is  to  log  and  saw 
and  market  the  products,  the  net  balance  at  the  end  of  the  operation 
being  the  price  he  realizes  for  his  stumpage.  This  necessitates  that  the 
timber  owner  become  proficient  in  the  manufacturing  and  merchandising 
of  a  great  commodity. 

Lumbermen  buy  large  tracts  of  timber  to  insure  suflBcient  supply  of 
raw  material  to  warrant  the  erection  of  costly  manufacturing  establish- 
ments, and  it  is  as  owners  of  stumpage  and  beneficiaries  of  rising 
stumpage  prices,  rather  than  as  manufacturers  and  sellers  of  lumber, 
that  timber  owners  have  made  money.  Only  during  periods  of  quick 
rises  in  lumber  values  do  lumbermen  make  any  considerable  profit 
purely  out  of  their  manufacturing  operations.  A  permanent  rise  in 
lumber  values  quickly  goes  back  to  stumpage,  and  stumpage  rises  hold, 
as  the  most  cursory  examination  of  the  curves  for  stumpage  and  lumber 
prices  during  the  past  40  years  will  quickly  convince  the  observer.  This 
is  because  lumber  manufacturing  is  a  highly  competitive  industry. 
With  anywhere  from  40,000  to  50,000  mills,  big  and  little,  sawing  away 
from  the  Atlantic  to  the  Pacific  and  from  Mexico  to  Canada,  with  as 
yet  a  relatively  large  supply  of  raw  material,  the  physical  and  commer- 
cial conditions  are  lacking  which  are  necessary  for  the  formation  of 
the  organizations  popularly  known  as  "trusts."  When,  therefore,  lum- 
ber prices  rise,  the  sawmill  owners  quickly  bid  up  stumpage  prices  in 
order  to  get  logs.  When  lumber  prices  fall  off,  as  they  have  many  times, 
stumpage  owners  hold  their  prices  at  the  previous  level,  in  the  belief 
that  a  succeeding  rise  in  lumber  prices  will  again  benefit  the  timber 
owner,  and  so  far  the  timber  owner  has  never  been  disappointed.  This 
condition  has  been  clearly  illustrated  during  the  past  six  years.  In 
1906,  and  early  in  1907,  lumber  prices  reached  the  highest  point  known 
to  date.  During  the  four  years  following  the  panic  of  October,  1907, 
the  prices  of  our  most  important  kinds  of  lumber  averaged  from  $3 
to  $6  below  the  previous  level.  During  all  this  period,  however,  stump- 
age prices  either  remained  stationary  or,  in  some  instances,  actually 
increased.  With  the  higher  lumher  values  that  now  prevail,  we  may 
expect  stumpage  values  to  move  up  another  notch.  Some  ten  years  ago, 
perhaps,  one  of  our  most  distinguished  lumbermen  made  the  flat-footed 
assertion — "the  price  of  stumpage  never  goes  down."  I  have  never  heard 
this  statement  questioned  by  any  competent  observer.    One  of  our  most 
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distinguiBhed  foresters  says  that  "forestry  is  possible  only  with  constantly 
rising  stumpage  values,"  because  the  natural  growth  of  timber  does  not 
exceed  2  per  cent  annually,  which  is  insufficient  to  attract  capital.  He 
was  speaking,  of  course,  of  private  forestry.  If  the  Nation,  or  States, 
deem  it  good  public  policy  to  practice  forestry  for  a  net  return  of  less 
than  2  per  cent,  or  nothing  at  all,  that  is  an  entirely  different  matter. 

We  can  forecast  something  of  future  timber  utilization  through  an 
examination  of  conditions  which  in  the  past  have  prevented  good  utili- 
zation. For  this  reason,  I  shall  quote  from  book  records  of  two  lum- 
ber manufacturers  for  whom  T  can  personally  vouch.  The  first  operates 
in  Central  Wisconsin,  and  the  second  in  the  Upper  Peninsula  of 
Michigan. 

The  first  firm  marketed  a  stock  of  eight  million  feet  of  hemlock  lum- 
ber from  November  1,  1910,  to  October  31,  1911.  Deducting  freight, 
commissions,  discounts,  allowances,  cost  of  millwork  and  loading,  the 
receipts  for  the  lumber  in  the  pile  rough  at  the  mill  were  exactly  $10 
per  thousand.  This  was  for  a  stock  which  ran  66  per  cent  No.  1,  20 
per  cent  No.  2,  and  24  per  cent  No.  3 ;  slightly  better  than  the  average. 
Taxes,  insurance,  interest,  and  selling  expense  amounted  to  $1  per 
thousand,  making  a  net  price  of  $9  per  thousand.  Sawing  cost  $2.75 
per  thousand,  leaving  $6.25  for  the  lumber  in  the  log.  Logging  and 
carrying  to  the  mill  cost  $7  per  thousand,  log  scale,  at  the  lowest  cal- 
culation. Allowing  30  per  cent  overrun,  this  amounted  to  $5.40  per 
thousand  feet  of  lumber,  or  but  little  more  than  actual  operating  cost, 
with  no  allowance  for  stumpage,  taxes,  and  interest  on  standing  tim- 
ber. Were  the  mill  so  situated  that  all  the  lath,  tanbark,  and  mill 
waste  could  have  been  marketed  at  a  fair  price,  the  net  return  from 
these  products  would  not  have  amounted  to  more  than  $1.75  per  thou- 
sand feet  of  lumber. 

The  second  firm,  which  did  a  large  business  in  1911,  received  $6.44 
per  thousand  for  its  No.  3  hemlock.  The  manufacturing  cost — i,  e., 
sawing,  piling,  shipping,  and  selling — was  $3.69  per  thousand,  and  ad- 
ministration cost — i.  €.,  office  expense,  salaries,  depreciation,  interest, 
and  taxes — $2.84  per  thousand,  a  total  of  $6.53.  Logging  cost  $4.50, 
and  delivery  to  the  mill  $1.20,  or  $5.70  per  thousand  feet  of  lumber, 
making  the  total  cost  $11.73  for  lumber  which  sold  for  $6.44,  with  no 
allowance  for  stumpage,  which  perhaps  should  not  be  charged  against 
the  cull  product.  On  its  entire  hemlock  sales  of  ten  million  feet  this 
firm  received  a  net  price  of  $9.73  per  thousand,  against  a  production 
cost  of  $10.82,  with  stumpage  charged  at  $3  to  $3.50,  according  to 
location — a  loss  of  $1.09  per  thousand  on  this  basis. 
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This  finn  also  received  a  net  price  of  $8.66  for  its  No.  3  ash,  $8.42 
for  N"o.  3  elm,  $6.55  for  No.  3  hard  maple,  $7.75  for  No.  3  soft  maple, 
and  $7.86  for  No.  3  birch — all  produced  at  a  cost  of  not  leas  than 
$12  per  thousand. 

These  are  typical  examples  of  conditions  that  prevailed  for  four 
years.  For  hemlock  they  meant  that,  in  the  most  favorable  situations, 
the  manufacturers  got  from  $1  to  $2  per  thousand  for  stumpage  that 
could  not  be  purchased  for  less  than  $2  to  $3,  and  that  in  other  situa- 
tions there  was  no  return  for  stumpage.  For  low-grade  hardwoods  they 
meant  that  the  production  was  at  an  actual  loss  of  several  dollars  per 
thousand. 

It  was  such  market  conditions  as  those  just  mentioned  that  led  one 
of  the  most  capable  and  experienced  Wisconsin  lumber  manufacturers — 
a  man  grown  gray  in  the  battle,  and  who  has  since  passed  away  without 
leaving  the  fortune  lumbermen  are  popularly  supposed  to  possess — to 
give  his  woods  foreman  the  following  directions  for  cutting  birch  logs, 
one  of  the  finest  hardwoods  that  ever  grew : 

"Cut  at  least  %  of  all  logs  16  ft.  long.  Long-butt  every  tree 
which  shows  root  or  stump  defect  extending  4  inches  in  diameter 
at  the  heart.  Cut  no  10-ft.  logs  unless  12  inches  or  more  in 
diameter  and  absolutely -free  from  defects.  Cut  no  knotty  logs 
unless  one  side  of  the  log  is  clear. 

"Cut  no  logs  whatever  that  show  dote  exceeding  10  per  cent 
of  the  scale  of  the  log.  Cut  no  logs  with  large  rotten  knots,  bad 
seams,  or  bad  crooks.  Cut  16-ft.  logs,  if  perfectly  straight  and 
free  from  all  defects,  down  to  9  inches  at  the  top ;  cut  14-ft.  logs 
down  to  10  inches  at  the  top,  if  perfect.  Cut  12-ft.  logs  down 
to  11  inches  at  the  top,  if  perfect;  cut  10-ft.  logs — ^when  un- 
avoidable only — down  to  12  inches  at  the  top.  Tjeave  in  the 
woods  16-ft.  logs  which  are  less*  than  9  inches  at  the  top,  14-ft. 
logs  which  are  less  than  10  inches,  12-ft.  logs  which  are  less  than 
11  inches,  and  10-ft.  logs  which  are  less  than  12  inches. 

"Do  not  skid  any  logs  which  are  less  than  18  inches  in  diam- 
eeter  which  show  more  than  10  per  cent  of  defect  of  any  kind. 
Cut  lengths  in  medium  size  timber  not  more  than  2  inchiss  over 
the  indicated  length,  and  in  large  timber  not  more  than  3  inches 
over — ^to  save  trimming  on  thick  plank.  All  logs  12  inches  or 
less  at  the  top  end  must  be  free  from  defects.*' 

This'  lumberman  issued  practically  the  same  cutting  instructions  for 
rock  and  soft  elm  as  for  birch,  permitted  ash  logs  to  be  taken  if  they 
contained  40  per  cent  clear  lumber,  allowed  basswood  logs  down  to 
7-inch  tops  if  perfect,  and  gave  hemlock  cutting  directions  as  follows: 
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"Long-hutt  every  tree — cut  to  9  inches  at  top. 

"Cut  all  Bound,  smooth,  straight  logs  from  22  to  32  ft.  long, 
about  12  inches  to  16 -inches  at  top. 

"Cut  sound,  straight  logs  18  to  20  ft.  down  to  W  to  12" 
at  top. 

"Cut  sound  timber  which  is  14"  to  20"  at  top  12  ft.,  14  ft., 
and  16  ft.  for  2  x  12  joist. 

"Cut  small  sound  logs  10  ft.  for  2x4. 

"Cut  sound  crooked  logs  16  ft.  for  ties. 

"Cut  all  defective  logs  16  ft.'* 

For  cedar  he  specified : 

"Cut  everything  which  is  sound  or  nearly  so,  as  long  as  pos- 
sible for  poles. 

"Cut  small  cedar  14  ft.  for  posts. 

"Cut  defective  stock,  any  length,  for  shingles.** 

The  whole  purpose  of  these  cutting  specifications  was,  of  course, 
to  reduce  to  the  lowest  amount  the  quantity  of  No.  3  limiber  for  which 
the  market  price  was  below  the  cost  of  production.  This  lumberman 
proposed  to  bring  no  logs  to  his  mill  of  which  he  was  in  any  way  doubt- 
ful of  his  ability  to  nlake  stand  the  cost  of  operation.  This,  however, 
still  left  him  with  a  great  deal  of  low-grade  lumber  which  inevitably 
developed  in  the  pianufacture  of  his  stock,  for,  unfortunately,  trees 
seldom  grow  pei:fectly  sound,  straight,  and  without  knots  and  other 
defects.  Were  Providence  good  enough  to  provide  trees  of  this  character 
with  the  cross-section  rectangular  instead  of  circular,  there  would  be 
no  forest  waste  left  for  us  to  discuss,  for  it  would  take  <ill  the  sawdust 
to  make  the  steam  to  run  the  mill. 

I  happen  to  be  familiar  with  two  strictly  modern  sawmills  of  some 
100,000  feet  10-hour  capacity.  They  are  about  100  miles  apari;.  The 
first  is  in  a  city  where  the  demand  for  fuel  is  good.  This  mill  made 
a  profit  of  $28,000  on  its  slabs,  edgings,  and  trimmings  last  year.  Tie 
second  mill  is  in  the  woods,  with  only  the  families  of  the  employees 
to  supply  with  fuel.  The  wood  account  of  this  mill  showed  a  loss  last 
year.  Now  the  owners  of  the  mill  in  the  woods  have  joined  forces  with 
a  chemical  company  and  an  iron  furnace,  erected  a  hardwood  distilla- 
tion plant,  and  made  contracts  for  the  products  which  indicate  a  profit 
sufficient  to  pay  5  per  cent  upon  the  sawmill  investment. 

Some  little  light  upon  the  question  of  timber  utilization  may  be  ob- 
tained from  a  study  of  the  following  table,  which  shows  approximately 
the  percentage  of  different  grades  obtained  from  the  ordinary  run  of 
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logs  of  the  four  most  typical  northern  hardwoods — birch,  basswood,  elm, 
and  maple: 

lut  A  ^ds       No.  1  No.  2  No.  3 

BaMwood  25  25  23  27 

Birch  23  25  23  29 

Elm 19  24  24  33 

Maple  16  25  25  34 

It  is  generally  the  No.  3  lumber  that  is  the  lumberman's  greatest 
source  of  trouble  in  marketing  his  product.  This  low  end  of  the 
product  averages  close  to  one-third  of  the  entire  lumber  output  the 
country  over.  The  bulk  of  it  is  used  by  the  box-maker  and  has  but 
little  market  except  as  wanted  by  the  box-maker.  The  box-making 
business  is  one  of  notorious  ups  and  downs,  with  little  standardization 
and  almost  no  stability..  For  the  past  few  months  the  supply  of  low- 
grade  northern  woods  has  been  very  short,  and  the  box-makers  have  been 
bidding  strongly  for  Xo.  3  hemlock  and  hardwoods,  so  that  at  this  writ- 
ing these  grades  are  bringing  on  the  average  nearly  $5  per  M  more  than 
indicated  by  the  averages  quoted  for  two  years  ago.  This,  howeyer,  is  a 
temporary  condition,  and  no  lumber  manufacturer  who  is  enjoying  these 
remunerative  prices  for  his  low-grade  product  believes  that  this  high 
level  will  be  permanently  maintained.  He  knows  that  a*  normal  supply 
of  low-grade  lumber  will  again  appear  and  that  the  price  will  fall  off 
sharply,  although  perhaps  not  back  to  the  former  level.  It  was  the  high 
prices  of  low-grade  lumber  in  1906  and  1907  that  gave  a  tremendous 
impetus  to  the  fiber-box  industry,  of  which  the  wooden-box  man  has  com- 
plained so  bitterly,  and  the  present  rise  in  lumber  prices  is  very  encour- 
aging to  the  maker  of  substitutes  for  wooden  boxes.  By  the  time  this 
paper  is  read  there  will  be  in  operation  a  new  water-power  pulp  mill  in 
Wisconsin,  said  to  have  cost  two  million  dollars,  whose  sole  output  will  be 
fiber  board  for  boxes.  The  product  of  this  plant  will  be  made  from 
small-sized  jackpine,  tamarack,  and  other  woods,  and  the  process  used 
will  be  based  to  a  considerable  extent  upon  the  experiments  made  in  the 
Forest  Service  Pulpwood  Laboratory  at  Wausau.  While  plants  like  these 
will  increase  the  market  for  small-sized  timber,  they  will,  on  the  other 
hand,  decrease  the  market  for  low-grade  lumber.  Again,  the  present 
temporary  high  price  of  low-grade  lumber  has  caused  many  box  manu- 
facturers to  put  a  sawing  equipment  in  their  plants  and  buy  bolts  4  to  8 
feet  long,  of  small  diameter,  which  they  saw  into  waney-^dged  box-boards. 
Such  operations  as  these  will  be  appreciable  factors  in  reducing  the  price 
of  low-grade  lumber. 

It  is  needless  to  say  that  a  reduction  in  the  price  of  low-grade  lumber 
immediately  results  in  an  increase  of  forest  waste.    This  suggests  very 
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naturally  that  our  real  problem  is  that  of  timber  utilization,  and  that 
the  manufacture  of  lumber  is  only  one  method  of  utilizing  timber.  Per- 
haps it  may  be  necessary  in  the  not  far  distant  future  to  utilize  much 
timber  by  other  processes  than  those  now  common. 

The  price  of  forest  products,  like  that  of  all  other  commodities,  is 
determined  by  supply  and  demand.  The  Secretary  of  Agriculture,  James 
Wilson,  stated  in  the  Year  Book  for  1910 : 

"The  farmer  has  benefited  more  than  others  from  the  changed 
conditions  which  have  manifested  themselves  in  increased  cost  of 
living.  For  instance,  the  product  of  one  acre  of  com  in  1899 
was  worth,  on  the  farm,  $8.51,  but  ten  years  later  it  was  worth 
$15.20,  an  increase  in  farm  value  amounting  to  78.6  per  cent. 
Similarly,  wheat  increased  in  farm  value  114  per  cent,  tobacco 
56.2  per  cent,  and  cotton  65.6  per  cent.  Ten  leading  crops  taken 
together — including,  besides  those  mentioned,  oats,  barley,  rye, 
buckwheat,  potatoes,  and  hay — increased  72.7  per  cent  in  farm 
value." 

I  believe  that  somewhere  in  the  same  book  the  honorable  Secretary 
takes  some  credit  to  his  Department  for  this  increase  in  the  value  of 
farm  crops,  in  which  event  he  is  liable  to  a  charge  of  inhumanity  in 
forcing  some  millions  of  us  consumers  to  pay  more  than  we  should  for 
our  bread,  meat,  and  potatoes.  However,  the  real  truth  of  the  matter 
is  that  the  production  of  farm  crops  in  the  United  States  has  prac- 
tically stood  still  while  population  has  increased,  and  buying  capacity 
increased  still  more  than  population.  The  cost  of  living,  therefore,  has 
gone  up.  The  farmer  has  an  excellent  market ^f or  his  products;  he  can 
ride  in  an  automobile  and  cuss  the  "lumber  trust." 

During  the  period  referred  to  by  the  Secretary  the  increase  in  lum- 
ber production  kept  fair  pace  with  the  increase  in  population  and  the 
general  rise  in  the  price  level.  Therefore,  while  during  the  decade 
preceding  1910  the  price  of  ten  leading  farm  crops  increased  nearly  73 
per  cent,  the  average  f.  o.  b.  mill  value  per  M  feet  of  the  lumber  pro- 
duction of  the  country  increased  only  37  per  cent.  It  is  probable  that 
the  maximum  lumber  cut  of  the  TTnited  States  was  reached  in  1910 
with  an  output  of  more  than  45  billion  feet.  The  high  point  of  white- 
pine  production  was  turned  twenty  years  ago.  The  top  notch  for  hem- 
lock was  passed  six  or  seven  years  ago.  We  are  too  close  yet  to 
get  a  proper  perspective,  but  it  seems  certain  that  the  greatest  output 
of  yellow  pine  occurred  in  1910,  and  that  the  largest  hardwood  cut  was 
*ibout  the  same  time.  The  tremendous  lumber-producing  capacity  of 
the  Pacific  coast,  which  awaits  only  the  stimulus  of  a  little  better  price 
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or  lower  freight  rates  via  the  Panama  Canal  to  turn  out  billions  of  feet 
of  fir  and  pine,  will  be  offset  henceforth  by  decreases  in  the  cut  of 
yellow  pine,  hemlock,  and  hardwoods  in  the  East.  It  looks,  therefore, 
as  if  our  annual  lumber  output  for  some  yeare  to  come  would  run  from 
40  to  45  billion  feet.  The  increase  in  the  use  of  substitutes  for  wood, 
of  which  lumber  prices  are  only  one  contributing  cause,  together  with 
the  natural  limitation  of  the  lumber  output,  will  bring  about  a  decrease 
in  per  capita  luml)er  consumption.  Present  uses  for  wood  and  many 
uses  which  will  be  developed  will,  however,  cause  an  increase  in  the 
total  demand,  which  will  be  reflected  in  higher  price  levels  for  lumber. 
The  increase  will  probably  be  least  in  the  lowest  grades  and  in  struc- 
tural timbers,  for  here  substitutes  compete  most  strongly,  while  the  in- 
crease in  prices  will  be  greatest  in  the  upper  grades  of  woods  which  sup- 
ply fine  finishing  material  and  other  products  for  which  no  really  satis- 
factory substitute  is  likely  to  come  into  general  use.  Moreover,  the 
lumber  production  of  the  future  will  contain  a  larger  percentage  of 
low  grades  than  at  present,  due  to  tthe  increased  cutting  of  smaller  and 
more  inferior  timber,  unless  other  methods  of  utilization  for  timber 
of  this  character  are  developed. 

The  future,  therefore,  offers  hope  in  the  way  of  higher  average  prices 
for  lumber,  which  mean  closer  timber  utilization.  The  lumbermen  of 
the  older  generation  labor  under  some  disadvantages  compared  with 
modem  manufacturers  and  merchants.  They  are  primarily  woodsmen 
and  loggers — men  of  little  book  knowledge  or  technical  education, 
trained  in  the  school  of  hard  experience  to  combat  nature's  sternest 
moods,  but  unskilled  in  scientific  methods  of  production  and  merchandis- 
ing. This,  perhaps,  is  best  illustrated  by  the  only  very  recent  admis- 
sion by  most  lumbermen  that  advertising  can  play  a  real  part  in  the 
marketing  of  their  products.  One  can  pick  up  almost  any  magazine 
and  find  it  full  of  attractive  and  interest-compelling  advertisements  for 
dozens  of  substitutes  for  wood,  but  until  very  recently  only  the  reader 
of  the  lumber  journals  really  knew  that  lumbermen  existed,  and  the  cir- 
culation of  all  the  lumber  trade  journals  in  the  United  States  would 
not  add  up  to  one-tenth  of  the  circulation  of  any  one  of  several  of  our 
leading  magazines,  not  counting  the  women's  magazines.  The  typical 
advertisement  in  the  lumber  journal  states  that  the  '^Dryasdust  Lum- 
ber Company  Manufactures  Yellow  Pine''  or  that  "No  one  else  can  pos- 
sibly produce  as  good  hardwood  lumber  as  John  Smith."  Trade-bring- 
ing publicity  catches  attention,  arouses  interest  in  the  article  to  be 
sold,  carries  conviction  as  to  its  merits,  and  creates  desire  for  its  pes- 
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session.  Pew  lumbermen  have  ever  been  accused  of  paying  for  ad- 
vertisements of  this  sort. 

A  distinct  nmrk  of  progress  in  the  marketing  of  lumber  was  set  when 
the  manufacturers  of  red  gum  undertook  to  tell  the  public  that  their 
product  has  some  real  merits.  Now,  I  should  hesitate  to  say  how  much 
of  the  so-called  Circassian-walnut  finish  that  adorns  some  of  our  finest 
hotels  and  office  buildings  is  nothing  but  the  heretofore  despised  gum. 
The  manufacturers  of  yellow  pine  have  insisted  upon  the  merits  of  their 
wood  for  paving  blocks  until  the  municipal  authorities  have  the  im- 
pression that  there  is  nothing  else  as  good.  The  cypress  people  have 
talked  cypress  in  rather  extravagant  terms,  and  quoted  Government 
reports  profusely  for  several  years,  with  apparently  much  satisfaction 
and  profit  to  themselves.  At  any  rate,  they  have  spent  money  much 
more  freely  than  any  other  group  of  lumber  producers  to  tell  the  rest 
of  the  world  that  they  are  in  existence.  Not  long  ago  the  northern 
pine  manufacturers  decided  it  was  time  to  inform  the  public  that  there 
is  still  "White  Pine :  And  Plenty  of  It,''  and  they  spent  $25,000  in  so 
doing.  More  recently  the  red-cedar-shingle  manufacturers  of  the  Pacific 
coast,  the  short-leaf-pine  manufacturers  of  Arkansas,  and  the  birch  and 
hemlock  manufacturers  of  Wisconsin  and  Michigan  have  joined  the  ranks 
of  general  lumber  advertisers.  All  this  indicates  a  distinct  step  in  the 
evolution  of  the  lumberman.  The  many  substitutes  for  wood  were  adver- 
tised because  their  manufacturers  had  to  develop  a  market.  Heretofore 
the  lumbermen  have  held  to  the  belief  that  they  would  continue  to  get 
trade  in  the  future,  as  in  the  past,  because  the  public  must  have  their 
products.  Now  the  lumbermen  have  discovered  that  the  public  has  a 
short  memory,  and  may  forget  about  lumber  under  pressure  from  manu- 
facturers of  other  materials. 

Were  there  time  for  preachment,  I  should  like  to  say  that  timber 
owners  should  find  out  more  exactly  what  their  timber  will  yield  of 
various  products,  according  to  grades  and  sizes;  also  that  there  is  a 
great  field  for  them  to  study  into  the  possibilities  of  diversification  of 
utilization,  for,  as  suggested  previoudy,  while  lumber  manufacture  is 
now  and  doubtless  will  continue  to  be  the  principal  method  of  timber 
utilization,  a  great  deal  can  be  accomplished  through  the  diversion  of 
small  and  inferior  timber  into  other  products  than  lumber.  A  recent 
very  satisfactory  departure  in  this  direction  has  been  the  manufacture 
of  hardwood  ties  of  beech,  birch,  and  maple,  which,  when  creosoted,  give 
excellent  service.  The  diversion  of  much  low-grade  timber  of  this  char- 
acter has  undoubtedly  had  an  effect  locally  upon  the  market  for  low- 
grade  lumber  through  the  lessening  of  the  supply  of  this  commodity.. 
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No  attempt  is  here  made  to  recite  the  effect  upon  timber  utilization 
of  plant  location,  labor  supply,  taxes,  freight  rates,  and  other  factors, 
any  one  of  which  may  determine  whether  timber  is  wasted  or  saved,  and 
all  of  which  are  perennial  subjects  of  discussion  among  lumbermen. 

The  modern  meat-packing  plant,  in  which  every  portion  of  the  animal 
from  hair  and  horns  to  bones  and  blood  is  profitably  utilized,  has  often 
served  as  an  example  to  those  of  us  who  have  visions  of  the  ultimate 
possibilities  of  timber  utilization,  for,  intrinsically,  every  part  of  the 
tree  would  seem  to  offer  as  much  opportunity  for  complete  utilization 
as  every  part  of  the  steer  or  hog.  Some  of  us,  therefore,  have  occasion- 
ally pictured  as  existing  some  time  and  somewhere  a  great  wood-conver- 
sion plant,  to  which  will  be  brought  the  entire  tree,  hardwood  and  soft- 
wood, broad-leaf  and  conifer,  and  from  which  will  emerge  dozens  of 
varied  products,  ranging  from  lumber  to  chemicals,  and  possibly  fabrics 
and  foods,  each  of  which  will  find  a  ready  market  at  remunerative 
prices;  but  before  this  can  take  place  present  processes  must  be  per- 
fected, others  invented,  a  market  created  for  new  products,  and  heavy 
investments  made  with  enduring  faith  in  the  ultimate  outcome. 

In  the  meantime  the  timber-land  owner  and  the  sawn^ill  operator  will 
continue  to  be  guided  by  the  safe  ULaxim  that  it  is  '^tter  to  waste 
timber  than  to  waste  money." 


POSSIBLE  ADVANTAGES  TO  THE  STATE  OP  NEW  YORK  BY 

OPENING  THE  FOREST  RESERVES 

BY  0.  R.  PETTIS 
Delivered  before  the  Society  January  9,  191S 

I  have  been  asked  to  speak  relative  to  the  ^'Advantages  that  would 
accrue  to  the  State  of  New  York  by  permitting  the  sale  of  timber  from 
the  Forest  Reserves/'  There  are,  of  course,  disadvantages  as  well  as 
advantages,  but  in  this  discussion  I  will  consider  only  the  latter. 

We  have  in  our  State  constitution  a  short  but  very  drastic  section. 
It  reads  as  follows: 

"article  VII. 

"Sec.  7.  Forest  Preserve, — The  lands  of  the  State,  now  owned 
or  hereafter  acquired,  constituting  the  forest  preserve  as  now 
fixed  by  law,  shall  be  forever  kept  as  wild  forest  lands.  They 
shall  not  be  leased,  sold  or  exchanged,  or  be  taken  by  any  cor- 
poration, public  or  private,  nor  shall  the  timber  thereon  be  sold, 
removed  or  destroyed.' 
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This  section  refers  to  a  former  statute  ("as  now  fixed  by  law**),  be- 
ing section  100  of  article  VII,  chapter  332,  of  the  Ijaws  of  1893,  which 
reads  as  follows: 

"Sec.  100.  Forest  Preserve. — The  forest  preserve  shall  include 
the  lands  now  owned  or  hereafter  acquired*  by  the  State  within 
the  counties  of  Clinton,  except  the  towns  of  Altona  and  panne- 
mora,  Delaware,  Essex,  Franklin,  Fulton,  Hamilton,  Herkimer, 
Lewis,  Oneida,  Saratoga,  St.  Lawrence,  Warren,  Washington, 
Greene,  Ulster  and  Sullivan,  except 
"1.  Lands  within  the  limits  of  any  village  or  city  and 
"2.  Lands,  not  wild  lands,  acquired  by  the  State  on  foreclosure 
of  mortgages  made  to  the  commissioners  for  loaning  certain 
moneys  of  the  United  States  usually  called  the  United  States 
deposit  fund.*^ 

The  constitution  therefore  reads  as  if  section  100  was  substituted  for 
"as  now  defined  by  law."  The  purpose  of  omitting  the  towns  of 
Altona  and  Dannemora  was  because  the  State  lands  there  were  largely 
acquired  for  the  use  of  Clinton  prison  at  Dannemora. 

The  history  of  the  development  of  the  forest  preserve  does  not  show 
that  the  ideas  of  revenue  or  realizing  the  wood  growth  on  this  area 
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ever  prompted  the  movement.  As  long  ago  as  1822,  when  Governor 
Clinton  was  building  the  Erie  Canal,  the  question  arose  as  to  the  ad- 
visability of  acquiring  the  Adirondack  forests  in  order  to  protect  the 
source  of  water  supply. 

In  1872,  ten  years  before  the  first  Forestry  Congress,  a  Commission 
on  State  Parks  was  appointed,  and  they  made  an  examination  and 
report  on  the  same.  About  this  period  large  areas  were  reverting  to 
the  State  through  non-payment  of  taxes;  and,  after  a  period  of  years, 
ns  the  lumber  industry  developed,  or  as  the  growth  of  timber  upon  the 
land  became  sufficiently  valuable,  it  was  the  common  practice  of  the 
operator  to  redeem  these  lands  and  acquire  title  in  order  that  he  could 
secure  the  timber. 

In  1882  Governor  Cornell  advocated  a  law  which  would  prohibit  the 
further  sale  by  the  State  of  any  land  which  it  had  acquired  through 
non-payment  of  taxes,  and  in  the  following  year  a  statute  to  this  effect 
was  enacted.  This  large  area  secured,  it  became  necessary  to  devise 
r.ome  plan  of  administration,  and  in  1884  an  appropriation  was  made 
for  a  board  of  inquiry  under  the  direction  of  the  State  Comptroller, 
and  a  committee  headed  by  Dr.  Sargent  investigated  the  conditions 
in  the  Adirondacks  and  made  a  report.  As  a  result  of  their  work  a  law 
was  passed  in  1885  establishing  a  Forest  Commission.  At  that  time 
there  were  715,000  acres  of  land  acquired  by  tax  sales  in  the  eleven 
Adirondack  and  three  Catskill  counties,  which  became  the  nucleus  of 
the  present  forest  preserve.  This  area  was  not  all  contiguous,  but  in 
parcels  of  varying  sizes  and  scattered  over  an  area  of  about  seven  and 
one-half  million  acres. 

In  1887  the  so-called  Hadley  act  was  passed,  which  permitted  the 
exchange  of  isolated  parcels  of  land  for  those  in  the  central  portion  of 
the  Adirondacks.  In  1888  there  was  a  discussion  as  to  deriving  a 
revenue  from  these  lands.  At  that  time  the  question  of  selling  timber 
and  bark;  also  leasing  camp  sites,  was  discussed,  as  was  the  purchase 
of  land. 

In  1890  the  establishment  of  the  Adirondack  Park  was  recommended. 
The  purpose  was  to  prescribe  certain  limits  within  which  the  State 
would  purchase  land  for  forest-preserve  purposes  and  lay  the  foundation 
for  increasing  the  State's  holdings.  At  the  same  time  an  appropriation 
of  $25,000  was  made  to  purchase  the  land  at  not  more  than  $1.50  per 
acre. 

In  1892  the  Adirondack  Park  was  established,  the  Hadley  act  re- 
pealed, and  a  statute  permitting  the  leasing  of  camp  sites  was  enacted. 
In  1893  a  law  was  passed  permitting  the  sale  of  spruce  and  fAwi^mplr 
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trees  over  12  inches  in  diameter  on  the  stump,  or  poplar  of  any  size. 
At  this  time  several  camp  sites  were  leased  and  a  revenue  of  $1,426 
per  annum  was  derived. 

In  1893  an  investigation  of  the  existing  eonunission  was  instituted, 
and  as  a  result  a  new  commission  was  appointed.  In  1893  the  last 
Constitutional  Convention  was  held  and  the  present  provision  was 
adopted.  Prior  to  that  time  there  was  no  provision  in  the  constitution 
relative  to  the  State  forest  lands.  An  examination  of  the  debates  in 
the  Constitutional  Convention  indicates  that  it  was  the  purpose  of  the 
f ramers  of  this  article  to  preserve  this  forest  and  retain  it  as  a  protection 
to  the  watersheds.  Prom  this  small  beginning  the  Staters  holdings  in 
the  forest  preserve  have  increased  to  more  than  one  million  six  hundred 
thousand  acres. 

The  statute  prescribes  a  penalty  of  $10  for  cutting  trees  on  State 
land,  and  the  State  officials  in  charge  have  no  authority  to  cut  any  trees, 
be  they  living  or  dead,  standing  or  down,  small  or  large. 

During  the  two  decades  since  the  constitution  was  adopted  important 
economic,  industrial,  and  administrative  changes  have  taken  place.  At 
that  time  there  was  no  appreciation  of  the  importance  of  scientific  for- 
estry; there  was  not  a  single  American  School  of  Forestry,  and  prob- 
ably not  more  than  five  technical  foresters  in  the  whole  country.  The 
forests  were  not  looked  upon  by  the  framers  of  this  provision  as  capable 
of  reproduction  and  increase,  but  rather  as  something  whose  quantity 
was  fixed.  The  area  has  in  the  meantime  increased  from  720,774  to 
more  than  1,650,000  acres;  our  population  has  grown  from  six  million 
to  over  nine  million  people.  It  is,  therefore,  seen  that  the  application 
was  made  at  a  time  when  there  was  less  than  50  per  cent  of  the  present 
area,  only  two-thirds  of  the  population,  and,  furthermore,  at  a  time 
when  the  quantity  of  material  tied  up  was  but  a  small  part  of  the  whole, 
while  at  present  the  timber  on  State  lands  is  a  large  part  of  our  total 
forest  resource.  It  is  estimated  that  the  amount  of  standing  timber  in 
the  forest-preserve  region  in  1894  was  approximately  forty  billion  feet, 
board  measure,  and  that  the  quantity  has  decreased  until  at  present 
there  is  not  over  twenty-five  billion  feet.  At  that  time  it  is  estimated 
that  approximately  four  billion  feet  or  10  per  cent  was  owned  by  the 
State,  while  at  the  present  time  the  stumpage  on  State  land  is  approx- 
imately twelve  billion  feet  or  nearly  50  per  cent  of  the  whole  stand  in 
the  forest  preserve,  or  nearly  26  per  cent  of  the  whole  stumpage  of  the 
State.  A  change  has  resulted  in  the  proportion  of  lumber  cut  in  these 
sections  from  about  1  per  cent  of  the  stand  in  1894  to  nearly  10  per 
cent  at  the  present  time. 
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This  provision  was  enacted  at  a  time  subsequent  to  abundant  tres^ 
passes  and  when  the  administration  had  not  provided  proper  protection. 
From  the  standpoint  of  protection  it  is  possible  to  conceive  the  purpoae 
of  those  who  framed  this  constitutional  prohibition,  and  that  they  did 
what  was,  probably,  then  for  the  public  good.  It  now  limits  the  State 
in  its  work,  and  actually  prevents  the  proper  care,  preservation,  and 
improvement  of  the  resources  which  they  were  so  anxious  to  perpetuate. 
Forestry  schools  have  been  established  and  technical  foresters  are  avail- 
able. Private  land-owners  appreciate  the  possibilities  of  better  forest 
management  and  applying  forestry  principles  in  handling  their  lands, 
while  the  State  cannot  manage,  is  not  deriving  any  revenue,  and  secures 
only  indirect  benefits  from  this  area  one-half  as  large  as  the  State  of 
Connecticut. 

There  are  enormous  investments  in  mills  and  industries  by  private 
owners ;  there  are  also  thousands  of  laborers  who  depend  upon  lumbering 
and  wood  industries  for  an  income,  and  in  the  near  future  the  State's 
supply  must  be  used  or  there  will  be  a  further  decline  in  these  industries 
in  this  State. 

Not  all  of  the  forest  preserve  is  covered  with  valuable  forests,  but  at 
least  1,225,000  acres  contain  merchantable  material,  some  of  which  is 
overmature  and  decaying.  If  this  area  were  placed  under  proper  forest 
management  it  would  yield  250,000,000  feet  of  lumber  per  year,  at  $4 
per  thousand  feet,  board  measure,  stumpage,  producing  a  revenue  of 
$1,000,000  annually. 

There  are  approximately  400  miles  of  camp  sites  which  could  be 
utilized.  If  one-half  were  reserved  for  free  use  And  the  remainder 
rented  at  a  nominal  rate  an  annual  income  of  $1,000,000  could  be 
secured  from  this  source. 

The  State's  direct  loss  from  these  two  sources  of  income  is  therefore 
two  million  dollars  per  year,  and  this  could  be  secured  without  de- 
preciating the  value  of  the  property. 

The  material  thus  secured  would  amount  to  one-fourth  our  annual 
lumber-cut  of  the  whole  State ;  be  equivalent  to  a  quantity  secured  from 
clear-cutting  25,000  acres ;  would  decrease  the  demands  upon  other  land, 
support  established  industries,  and  enable  private  owners  to  extend 
forest  management  upon  their  properties. 

The  value  of  these  holdings  is  enormous.  The  lands  purchased  have 
proved  an  excellent  investment,  and  today  are  an  important  part  of  the 
State's  wealth. 

The  constitution  has  been  construed  so  rigidly  that  dead  trees  can- 
not be  removed ;  logs  cut  by  trespassers  cannot  be  sold,  but  must  be  left 
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to  decay ;  trees  killed  by  fire  cannot  be  utilized ;  construction  of  improved, 
roads  across  State  land  or  eliminating  dangerous  curves  by  deviating 
from  the  old-established  routes  is  prohibited. 

In  extreme  cases  poor  families  are  paying  $30  per  ton  for  coal,  while 
their  homes  surrounded  by  State  land  contain  sufficient  fuel  that  is 
going  to  decay.  There  are  also  large  power  developments  which  are 
prevented  because  some  State  land  (not  necessArily  forest)  will  be  over- 
flowed. Some  of  the  land  is  cleared,  cultivated,  and  occupied,  and  in 
some  cases  these  areas  could  be  better  used  for  agriculture  than  forestry. 

To  literally  carry  out  the  intent  of  the  constitution  and  "forever  keep 
as  wild  forest  lands''  might  prohibit  the  reforestation  of  over  one  hun- 
dred thousand  acres  of  these  lands  which  cannot  be  placed  under  forest 
cover  escept  by  artificial  means. 


THE  ACQUISITION  AND  USE  IN  WISCONSIN  OF  STATE 

FOREST  RESERVES 

BY  E.  IC.  GRIFFITH 
Delivei'ed  before  the  Society  January  9,  1913 

Twenty-five  years  ago  Wisconsin  was  one  of  the  greatest  and  wealthiest 
forest  regions  in  the  United  States,  and  the  twenty-seven  counties  which 
comprised  the  northern  portion  were  practically  an  unbroken  forest  ex- 
tending from  Michigan  to  Minnesota.  Even  as  late  as  1900  Wisconsin 
ranked  first  among  the  States  in  the  production  of  lumber,  but  in  1910 
it  had  dropped  to  eighth  place,  with  a  decrease  of  45  per  cent  in  produc- 
tion, which  is  much  greater  than  that  of  any  other  State. 

The  axe,  followed  by  terrific  forest  fires,  has  depleted  the  great  forest 
wealth,  and  when  it  is  almost  too  late  the  State  is  waking  up  to  appre- 
ciate something  of  the  value  of  this  wonderful  natural  resource  which  it 
has  dissipated  so  recklessly,  and  is  making  an  effort  to  save  the  forests 
which  are  left. 

As  early  as  1867  a  law  was  passed  in  Wisconsin  providing  for  the  ap- 
pointment of  three  commissioners  to  investigate  and  report  upon  the  in- 
jurious effects  of  clearing  the  land  of  forests,  the  duty  of  the  State  in 
regard  to  the  matter,  and  an  exhaustive  and  very  valuable  report  was 
published  by  the  three  commissioners,  but  no  results  were  accomplished. 
In  1897  another  law  was  passed  providing  for  the  appointment  of  a  for- 
estry commission  of  three  members  by  the  (Governor,  who  were  to  draw 
up  a  plan  for  the  protection  and  utilization  of  the  forest  resources  of 
the  State,  and  for  the  organization  of  a  forestry  department  and  the 
creation  of  a  forest  reserve. 

The  commissioners*  report,  including  a  draft  of  a  bill  which  they 
recommended  for  passage,  was  published  in  1898,  but  no  legislation  re- 
sulted until  1903.  The  forestry  law  of  1903,  however,  was  very  de- 
fective, and  the  first  real  and  effective  forestry  legislation  was  not  ac- 
complished until  1905.  Under  the  law  of  1905  a  non-political  State 
board  of  forestry  was  created,  and  it  was  provided  in  the  act  that  the 
State  forester  to  be  appointed  by  the  board  must  be  a  technically  trained 
forester,  and  certified  as  such  by  the  Secretary  of  the  United  States  De- 
partment of  Agriculture.  The  most  important  provision  of  this  law 
was  that  all  State  lands  in  the  northern,  or  timbered,  portion  of  the 
State  were  set  aside  for  forestry  purposes,  and  that  the  agricultural  and 
(202) 
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scattered  lands  could  be  sold  by  the  board,  the  proceeds  to  constitute  a 
"forest  reserve  fund'*  to  be  used  in  purchasing  lands  suitable  for  en- 
larging the  forest  reserve  area.  Through  the  forestry  law  of  1903  some 
40,000  acres  of  land  at  the  headwaters  of  the  Chippewa  Biver  were  set 
aside  as  the  nucleus  of  the  forest  reserve,  and  the  law  of  1905,  by  in- 
cluding all  State  lands  in  the  northern  portion  of  the  State,  immediately 
increased  the  area  of  the  reserve  from  40,000  acres  to  over  300,000  acres, 
and  through  purchases  of  privately  owned  lands,  at  an  average  cost  of 
about  $3.32  per  acre,  the  total  acreage  of  the  forest  reserves  is  now 
390,000  acres. 

The  340,000  acres  of  State  lands  which  by  1905  had  been  set  aside  for 
forestry  purposes  were  scattered  through  all  the  northern  counties  of  the 
State,  and  it  was  necessary  to  have  all  the  lands  which  were  not  within 
the  area  which  had  been  selected  for  the  permanent  forest  reserve  care- 
fully appraised  and  then  placed  on  the  market. 

During  1911  and  1912  about  36,000  acres  of  land  have  been  sold  for 
approximately  $121,000,  and  practically  all  of  this  amount  has  been  used 
in  purchasing  lands  to  block  up  the  forest  reserves.  It  is  felt  that  satis- 
factory progress  has  been  made  in  increasing  the  forest  reserve  from 
40,000  acres  to  390,000  acres  in  eight  years,  but  Wisconsin  has  only 
made  a  good  start,  as  the  State  must  have  a  reserve  of  at  least  1,500,000 
acres  in  order  to  protect  the  headwaters  of  the  most  important  rivers, 
aid  in  supplying  the  wood-using  industries  with  the  timber  which  they 
must  have,  and  to  protect  the  beauty  of  the  wonderful  northern  lake 
region  that  should  annually  bring  millions  of  dollars  into  the  State 
through  tourists,  campers,  hunters,  and  fishermen. 

The  creation  of  the  "forest  reserve  fund'*  was  a  wonderfully  wise 
move,  as  it  has  encouraged  the  sale  and  settlement  of  agricultural  lands, 
and  has  given  the  forestry  board  a  steady  income  with  which  to  increase 
the  reserve,  and  also  provide  for  its  protection  and  management.  In 
order  to  further  expedite  the  purchase  of  lands  to  block  up  the  reserves, 
the  legislature  in  1911  made  an  appropriation  of  $50,000  a  year  for  five 
years,  but  this  amount  is  entirely  inadequate  and  must  be  largely  in- 
creased. 

State  Forest  Policy. 

What  specific  objects  has  Wisconsin  in  view  in  creating  her  forest  re- 
serve ?  The  State  is  building  up  her  reserve  in  some  of  the  most  north- 
erly counties,  viz..  Forest,  Vilas,  Oneida,  Iron,  and  Price,  and  within  this 
area  there  is  not  only  a  wonderful  lake  region  of  over  1,200  lakes,  but 
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also  the  headwaters  of  four  of  the  greatest  rivers  in  the  State,  viz.,  the 
Wisconsin,  Chippewa,  Menominee,  and  Wolf. 

The  State  lands  set  aside  for  the  reserve,  as  also  the  lands  purchased, 
are  not  suitable  for  agriculture,  being  either  too  sandy,  rocky,  or  swampy, 
but  these  lands  have  grown  some  of  the  finest  pine  timber  in  the  State, 
and  all  the  young  timber  needs  is  protection  from  fire.  The  State  forest 
policy,  then,  is  looking  to  the  accomplishment  of  the  following  points, 
viz: 

1.  The  protection  of  extensive  forests  upon  the  headwaters  of  four 
important  rivers.  This,  together  with  the  use  of  many  lakes  as  storage 
reservoirs,  will  tend  to  make  the  flow  of  these  rivers  unusually  regular, 
thus  preserving,  and  even  improving,  many  water-powers  which  will 
become  increasingly  valuable,  especially  since  Wisconsin  has  no  deposits 
of  coal. 

2.  Supplying  the  wood-using  industries  of  the  State  with  a  consider- 
able amount  of  timber,  and  thereby,  it  is  hoped,  keeping  many  of  them 
within  the  State. 

3.  Preserving  the  forests  in  the  beautiful  lake  region  of  northern  Wis- 
consin will  both  protect  and  greatly  enhance  its  present  attractiveness, 
as  a  resort  region  for  not  only  the  citizens  of  the  State,  but  of  the  entire 
Mississippi  Valley  as  well.  The  value  of  such  a  resort  region  is  not 
generally  understood,  even  from  tho  dollar  viewpoint ;  but  the  report  of 
the  Bureau  of  Labor  of  New  Hampshire  for  1905  shows  that  the  resort 
business  yielded  in  that  year  over  $10,000,000,  and  the  report  of  the 
Forest,  Fish,  and  Game  Commission  of  New  York  for  the  same  year 
states  that  it  was  over  $7,000,000. 

The  following  tables  show  the  amount  of  the  summer  resort  business 
within  the  forest  reserve  area  of  Wisconsin  for  1912 : 

Number  of  resorts 91 

Number  of  buildings 639 

Number  of  guests  that  can  be  accommodated  at  one  time 4,372 

Number  of  guests  accommodated  In  year 13,131 

OBOSS  BECEIPTS 

Board  and  room  at  resorts $356,025 

Railroad  and  Pullman  fares 157.5T2 

Hotels,  liveries  and  boat  liveries 29,537 

Hunting  and  fishing  licenses,  guides,  etc 131.310 

$674,444 

During  1911  and  1912  the  State  received  only  $261  from  leasing 
camp  and  cottage  sites  within  the  forest  reserves ;  but  this  use  of  the  re- 
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serves  is  just  beginning  to  be  understood,  and  as  a  large  number  of  ap- 
plications are  now  being  received,  it  is  expected  that  the  receipts  from 
this  source  will  increase  very  rapidly.   • 

4.  The  young  timber  on  the  reserve  will  be  protected  and  denuded 
areas  planted,  so  that  in  future  years  the  State  will  receive  a  direct  and 
increasing  revenue  from  the  sale  of  mature  timber. 

If  Wisconsin  had  been  as  wise  as  Canada  and  retained  its  timbered 
lands  instead  of  selling  them,  the  forester  would  have  a  going  concern 
and  the  timber  would  be  his  stock,  which  he  would  sell  as  it  became  ma- 
ture, and  thus  be  able  to  show  a  revenue  at  once.  But  Wisconsin  chose 
in  the  past  to  sell  its  timber  lands  to  any  one  and  every  one  at  a  fraction 
of  what  their  present  value  would  be,  and  therefore  the  State  must  buy 
back  the  timber  lands  that  it  sold,  onlv  now  thousands  of  acres  have  been 
cut  over  and  burned,  and  hence  it  will  be  many  years  before  there  will  be 
much  merchantable  timber  to  sell.  The  bright  side,  however,  is  that 
much  of  the  timber  that  was  left  is  now,  with  increasing  demands,  be- 
coming valuable.  It  is  impossible  to  foretell  what  timber  will  be  worth 
twenty-five  or  fifty  years  from  now ;  but  it  is  at  least  safe  to  say  that  it 
will  be  worth  as  much  as  it  is  today.  In  1911  and  1912  the  State  sold 
$39,000  worth  of  timber,  and  also  received  $517  for  hay  and  $163  for 
cordwood.  Sales  of  timber  will  not  be  made  except  where  it  is  badly 
burned  or  is  really  mature  and  should  be  cut. 

Creation  of  Storage  Reservoirs, 

Wisconsin  has  adopted  the  policy  of  allowing  river-development  com- 
panies, under  the  most  careful  State  super\'ision,  to  use  many  of  the 
lakes  at  the  headwaters  of  the  Wisconsin  and  Chippewa  rivers  as  storage 
reservoirs,  so  as  to  hold  and  store  up  the  excess  or  flood  waters,  and  then 
draw  upon  the  reservoirs  in  times  of  low  water,  when  the  water-powers 
upon  these  rivers  are  in  great  need  of  more  power.  No  new  storage  dam 
can  be  built  without  the  consent  of  the  State  Board  of  Forestrv,  and  the 
board  also  controls  the  level  to  which  the  water  may  be  raised  or  lowered, 
so  that  the  beauty  and  attractiveness  of  these  lakes  for  summer  camps 
and  cottages  will  always  be  carefully  protected.  With  a  large  forest, 
reserve  surrounding  these  lakes  and  thus  preventing  the  deep  snows 
from  melting  too  rapidly,  and  the  lakes  as  storage  reservoirs  holding 
back  the  spring  freshets,  the  stream  flow  of  the  Wisconsin  and  Chippewa 
rivers  can  be  systematically  regulated,  and  thus  the  water-powers  will 
gain  enormously  from  a  constant  and  even  flow.  Wisconsin  has  gone 
much  farther  than  the  other  States  in  developing  a  definite  policy  look- 
ing to  the  full  development  of  storage  reservoirs,  and  the  forest  reserve 
will  always  protect  the  reservoirs  from  silting  up. 
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Wood-ti^ng  Industries. 

In  1910  a  study  of  the  wood-using  industries  of  Wisconsin  was  made 
in  cooperation  with  the  United  States  Forest  Service,  and  it  was  found 
that  more  than  930  million  board  feet  of  lumber,  valued  at  $20,000,000, 
is  annually  utilized  in  the  wood-using  industries,  and  that  already  almost 
50  per  cent  of  this  lumber  is  purchased  outside  of  the  State.  This 
means  that  in  time  the  State  will  lose  its  wood-using  industries  unless 
the  rapid  destruction  of  the  forests  is  checked.  A  State  forest  reserve 
of  1,500,000  acres  can  aid  very  materially  in  supplying  this  raw  material, 
though  the  State  cannot  and  should  not  be  expected  to  do  it  all. 

The  Forest  Reserve  as  a  Summer  Resort, 

The  State  Board  of  Forestry  has  adopted  the  policy  of  leasing  camp 
and  cottage  sites  upon  the  shores  of  the  beautiful  lakes  within  tiie 
forest  reserve.  Owning  several  thousand  acres  of  land  upon  the  shores 
of  some  of  the  most  attractive  lakes  in  Oneida  and  Vilas  counties,  the 
State  is  easily  able  to  meet  all  present  demands  and  can  lease  sites  to 
suit  almost  any  taste. 

From  10  to  20  acres  will  be  leased  to  one  person  or  family,  and  as 
much  more  to  a  club  or  association  as  they  may  really  need.  Leases 
can  be  given  for  a  period  of  twenty  years,  with  the  privilege  of  renewal, 
and  the  yearly  rental  will  vary  from  $10  to  $50,  according  to  the  size 
of  the  lot  required,  its  location,  and  the  amount  of  timber  upon  it. 
The  contract  between  the  State  and  the  lessee  is  very  simple,  merely 
providing  that  the  lessee  will  cut  only  such  timber  as  is  marked  for 
cutting  by  the  forester,  pay  the  local  price  for  such  logs  as  he  may  use 
in  building,  use  all  possible  care  in  building  fires,  agree  not  to  sell  liquor 
on  the  premises  or  to  sublet  without  the  consent  of  the  board.  For  a 
small  additional  sum,  merely  sufficient  to  cover  the  cost,  the  forest 
rangers  will  look  after  a  camp  or  cottage  during  the  winter  months 
or  while  the  owner  is  away. 

The  forest-reserve  region  should  become  in  time  a  great  sunmier 
resort  for  people  throughout  the  entire  Mississippi  Valley,  as  it  has  ti 
fine,  bracing,  dr}^  climate,  pine  forests,  and  sandy  soil,  and  is  blessed 
with  many  of  the  finest  chains  of  lakes  in  the  entire  country.  Vilas 
county  in  particular  has  a  greater  area  of  water  than  land,  and  long 
trips  can  be  made  by  launch  or  canoe.  There  is  plenty  of  sport  for 
hunters  and  fishermen,  and  the  resorts  furnish  good  beds  and  excellent 
meals  at  reasonable  prices. 

The  board  is  anxious  to  encourage  the  best  utilization  of  the  forest 
reserve  as  far  as  possible,  and  it  is  believed  that  the  forest-reserve 
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region^  especially  in  Oneida  and  Vilas  counties^  is  far  more  yaluable 
for  development  as  a  greai  resort  than  for  any  other  purpose^  and  if  this 
area  is  protected  and  everything  done  to  make  it  attractive,  it  will  mean 
lasting  prosperity  for  all  the  residents  of  that  section. 

Grant  of  Islands  from  the  Government. 

Due  to  the  untiring  eflforts  of  Hon.  E.  A.  Morse,  in  the  House  of  Eep- 
resentatives,  and  Hon.  Bobert  La  FoUette,  in  the  Senate,  the  United 
States  Congress,  on  August  22,  1912,  granted  to  Wisconsin  all  the  unsur- 
veyed  and  unallotted  islands  in  inland  lakes  north  of  township  33.  The 
islands  are  granted  to  Wisconsin  as  an  addition  to  the  State  forest  re- 
serves, and  the  act  provides  that  they  must  always  be  managed  as  part  of 
the  reserves ;  otherwise  they  will  revert  to  the  United  States. 

Before  this  grant  a  large  number  of  islands  had  been  acquired  by 
private  parties,  and  in  many  cases  they  had  cut  off  all  the  timber,  leav- 
ing the  islands  eyesores  instead  of  the  beauty  spots  that  nature  in- 
tended them  to  be. 

The  Government  did  not  have  an  accurate  record  of  the  number  of 
islands  in  the  inland  lakes,  but  the  reports  of  the  State  forest  rangers 
show  that  there  are  about  250  islands,  and  that  they  contain  all  the  way 
from  three-quarters  of  an  acre  up  to  40  acres  each.  During  the  winter 
of  1912-1913  it  is  planned  to  have  all  these  islands  carefully  surveyed 
and  described,  and  they  will  then  be  leased  for  summer  camps  and*  cot- 
tages in  exactly  the  same  way  that  lake-shore  property  within  the  forest 
reserves  is  leased  by  the  State. 

Wisconsin  is  extremely  fortunate  in  securing  such  a  large  number  of 
beautiful  islands,  and  they  will  greatly  enhance  the  beauty  and  value 
of  the  forest  reserves. 

Proposed  Game  Preserve. 

It  is  proposed  to  fence  in  some  8,000  to  10,000  acres  of  land  in  41,  7 
E.,  within  the  heart  of  the  State  forest  reserves,  as  a  game  preserve, 
and  to  inclose  within  this  preserve  elk,  moose,  deer,  pheasants,  grouse, 
and  such  fur-bearing  ajQimals  as  beaver,  mink,  otter,  and  so  forth. 

The  State  already  owns  the  land  that  it  is  proposed  to  inclose,  and 
the  Government  is  prepared  to  give  the  State  elk  from  the  big  herd  that 
winters  in  Jackson^s  Hole,  Montana,  and  in  which  many  of  the  animals 
die  each  year  on  account  of  the  lack  of  feed. 

Some  game  enthusiasts  have  also  offered  to  assist  the  State  in  secur- 
ing some  moose,  and  a  gentleman  will  give  a  large  number  of  Mongolian 
pheasants.  Native  deer  can  readily  be  driven  into  the  game  preserve, 
and  the  fur-bearing  animals  can  be  secured  within  the  State. 
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It  is  also  proposed  to  use  the  game  preserve  and  possibly  large  marshes 
within  the  forest  reserve  as  a  wild-fowl  refuge,  where  migratory  birds 
will  have  a  chance  to  breed  without  being  slaughtered. 

Edward  A.  Mcllhenny,  of  New  Orleans,  has  established  some  splendid 
wild-fowl  refuges  on  the  coast  near  New  Orleans,  and  largely  through 
his  efforts  Mrs.  Russell  Sage,  of  New  York,  has  recently  purchased  Marsh 
Island,  near  New  Orleans,  and  has  presented  it  to  the  Government  to  be 
held  for  all  time  as  a  wild-fowl  refuge. 

Mr.  Mcllhenny  is  a  true  si>ortsman  who  is  working  to  preserve  the 
wild-bird  life  of  America,  and  he  is  meeting  with  great  success  in  his 
efforts  to  have  all  the  States  along  the  Mississippi  River  set  aside  wild- 
fowl refuges  so  that  the  birds  in  their  flights  may  find  protective  areas 
from  New  Orleans  to  the  Canadian  line. 

The  main  idea  of  the  proposed  game  preserve  near  Big  Trout  Lake, 
in  41,  7  E.,  is  to  protect  the  elk  and  moose  until  they  increase  to  suffi- 
cient nimibers  so  that  some  of  them  can  be  set  free  within  the  forest 
reserves  in  Vilas  county,  and  to  then  ask  the  legislature  to  prohibit  the 
killing  of  any  elk  or  moose  for  a  number  of  years.  In  this  way  it  will 
prove  possible  in  a  few  years  to  again  have  these  splendid  game  animals 
in  Wisconsin,  and  the  deer  within  the  preserve  should  increase  so  rapidly 
that  a  number  of  them  could  be  liberated  each  year. 

The  game  birds  will,  of  course,  fly  from  the  fenced  area  to  other  parts 
of  the  forest  reserve ;  but  they  will  very  quickly  learn  where  they  are  not 
shot,  and  will  return  to  the  preserve  during  the  breeding  season  or  when 
shot  at  frequently. 

The  fur-bearing  animals  should  gradually  be  distributed  ttirough  all 
the  lakes  and  streams  of  the  forest  reserve,  and  their  taking  carefully 
regulated  so  that  they  will  not  again  be  nearly  totally  destroyed. 

Such  a  game  preserve  is  the  only  feasible  way  of  stocking  the  forest 
reserve  with  the  game  which  it  should  contain,  and  now  that  the  State 
owns  the  land  the  chief  cost  will  be  the  fencing,  and  that  can  be  pur- 
chased for  about  $100  per  mile. 

What  the  State  Forest  Reserves  Offer  to  the  Consumptive. 

The  State  forest  reserves,  comprising  some  400,000  acres,  and  lying 
within  the  wonderful  lake  region  of  northern  Wisconsin,  should  be  used 
and  enjoyed  to  the  fullest  extent  by  all  the  people  of  the  State,  and  one 
of  the  best  possible  uses  to  which  a  portion  of  the  reserves  can  be  put  is 
as  a  big  outdoor  sanatorium  for  convalescent  consumptives  and  those 
who  are  threatened  with  the  disease.  The  State  Board  of  Forestrv  now 
has  one  large  forest  nursery  containing  some  2,600,000  tree  seedlings, 
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and  within  a  year  or  two  other  nurseries  will  be  built,  so  that  probably 
the  annual  production  of  the  nurseries  will  be  about  2,000,000  seedlings, 
which  will  be  nearly  sufficient  to  reforest  2,000  acres  a  year. 

Work  both  in  a  forest  nursery  and  in  planting  the  seedlings  is  light 
work,  which  can  be  arranged  so  that  it  would  be  especially  suited  to  the 
weakened  condition  of  a  convalescent  consumptive  patient.  It  is  pro- 
posed to  ask  the  legislature  for  an  appropriation  of  $10,000  per  year, 
which  would  cover  the  cost  of  building  and  keeping  in  repair  the  wooden 
shacks  in  which  the  patients  would  live,  and  also  the  salaries  of  a  doctor 
and  nurse.  The  State  Board  of  Forestry  would  set  aside  the  land  re- 
quired for  the  sanatorium,  forest  nurseries,  and  tracts  to  be  reforested, 
and  would  pay  the  patients  for  the  time  in  which  they  were  actually 
employed  in  working  for  the  State. 

At  first  a  patient  might  not  be  able  to  work  more  than  four  hours  a 
day,  but  at  15  cents  per  hour  he  would  have  earned  60  cents,  or  more 
than  his  board  for  one  day  would  cost,  and  all  that  he  earned  over  and 
above  the  cost  of  his  board  would  be  credited  to  him,  so  that  when  cured 
he  could  leave  the  sanatorium  with  at  least  a  small  aro^  int  of  money  to 
start  life  anew. 

Wisconsin  has  a  splendidly  equipped  consumptive  sanatorium  at 
Wales,  but  Dr.  Coon,  the  superintendent,  as  well  as  other  doctors  of  the 
State,  find  that  the  hardest  problem  is  to  find  light  outdoor  work  for 
the  convalescent  patient.  Many  of  these  are  men  and  women  from  the 
larger  cities,  who,  on  account  of  their  very  slender  means,  are  obliged 
to  return  at  once  to  their  work  in  the  factory  or  store,  and  the  long 
hours,  combined  with  lack  of  fresh  air,  frequently  result  in  a  serious 
relapse  and  sometimes  death. 

For  these  reasons  the  doctors  have  welcomed  enthusiastically  the  plan 
of  giving  these  convalescents  a  few  months  at  least  of  steady  outdoor 
life  on  the  forest  reserves,  combined  with  light  and  pleasant  work. 

Some  patients  will  undoubtedly  find  that  in  order  to  avoid  a  relapse 
they  must  continue  to  live  in  the  cool,  dry  climate  of  northern  Wiscon- 
sin, and  in  such  cases  the  State  Board  of  Forestry  could  lease  to  them 
at  very  reasonable  rates  small  tracts  of  arable  land  near  the  public  re- 
sorts, hotels,  and  private  camps,  and  the  patients  would  find  that  they 
would  have  a  ready  sale  at  good  prices  for  all  their  vegetables,  milk, 
chickens,  etc.  There  are  also  thousands  of  men  and  women  workers  in 
Wisconsin  who,  though  not  consumptives,  are  so  run  down  and  worn  out 
that  they  are  an  easy  prey  to  the  disease.  It  is  a  good,  sound  policy  for 
the  State  to  aid  such  people  in  regaining  their  health,  and  thus  avoid 
their  becoming  public  charges,  and  the  State  could  well  afford  to  allow 
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them  to  build  camps  on  many  portions  of  the  forest  reserves,  and  also  to 
give  them  work  in  reforestation  to  a  very  considerable  extent. 

As  a  few  months'  outdoor  life  in  the  bracing  climate  of  northern  Wis- 
consin will  often  make  certain  the  complete  cure  of  the  convalesceDt 
consumptive,  and  also  ward  off  possible  consumption  from  the  weak  and 
debilitated  worker,  and  as  the  State  must  reforest  its  denuded  lands 
which  are  unfit  for  agriculture,  it  would  seem  both  a  sane  and  humane 
policy  to  give  the  patient  a  chance  to  do  the  work  for  which  he  is  so 
suited,  bringing  to  him  health  and  to  the  State  wealth  through  the  for- 
ests which  will  be  grown. 

Forestry  by  Private  Owners. 

Up  to  the  present  time  very  little  real  forestry  management  has  been 
practiced  by  lumber  companies,  large  timber-land  owners,  or  private 
individuals,  and  this  has  been  largely  due  to  the  danger  of  timber  lands 
being  destroyed  by  forest  fires,  and  also  the  annual  taxing  of  growing 
timber  which  has  encouraged  forest  destruction  instead  of  forest  con- 
servation* 

Many  of  the  large  wood-using  industries  of  the  State,  especially  the 
paper  and  pulp  mills,  should  own  large  tracts  of  timber  and  operate 
under  a  systematic  plan  of  forest  management,  but  many  are  held  back 
from  doing  this  on  account  of  the  fear  of  fire  and  taxes.  The  first  can 
and  will  be  overcome  through  education  of  the  people  to  the  fearful  and 
needless  losses  from  forest  fires,  together  with  well-organized  forest-fire 
patrols;  and  the  second  obstacle  will  be  removed  when  the  State  ap- 
preciates that  the  present  system  of  annually  taxing  growing  timber  is 
archaic  and  that  it  directly  encourages  and  even  forces  forest  destruction. 

Wisconsin,  with  a  total  area  of  about  36,000,000  acres,  has,  in  the 
northern  portion  of  the  State,  probably  3,000,000  acres  unfit  for  culti- 
vation and  which  should  be  held  permanently  under  forest  growth. 
Fortunately  most  of  these  true  forest  soils  are  at  the  headwaters  of 
some  of  the  most  important  rivers,  and  therefore  the  protection  of  the 
forests  on  these  areas  will  not  only  insure  a  considerable  supply  of  tim- 
ber, thus  aiding  very  materially  in  perpetuating  the  wood-using  indus- 
tries of  the  State,  but  will  also  insure  a  more  nearly  uniform  stream 
flow,  and  thus  conserve  the  very  valuable  water-powers  of  the  State. 

The  College  of  Agriculture  of  the  University  and  the  State  Geological 
Survey  are  making  a  detailed  soil  survey  of  the  northern  and  less  settled 
portions  of  the  State,  and  it  is  thought  that  when  the  areas  of  non- 
agricultural  land  are  definitely  determined  the  owners  will  begin  to 
seriously  consider  the  protection  of  the  young  timber  on  such  lands, 
and  even  planting  them  if  this  is  found  necessary. 
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My  purpose  in  proposing  to  speak  before  the  Society  of  American 
Foresters  at  this  time  was  to  outline  briefly  certain  problems  in  experi- 
mental forest  planting  that  are  now  confronting  the  Territory,  with  the 
idea  that  in  the  discussion  light  would  be  thrown  on  some  points  that 
are  giving  us  trouble.  In  order  to  make  a  background,  as  it  were, 
against  which  I  can  sketch  more  cleariy  these  pari^icular  questions,  I 
shall  first  attempt  to  give  you  an  idea  of  the  general  forest  situation  in 
the  islands  and  the  part  that  forestry  has  to  .play  there. 

The  Territory  of  Hawaii  consists  of  eight  main  islands  which  lie  just 
within  the  tropics.  Honolulu  is  2,100  miles  southwest  of  San  Fran- 
cisco, a  five  and  a  half  days'  trip  by  a  15-knot  steamer.  Each  of  the 
islands  consists  of  a  high  mountain  mass  rising  from  4,000  feet  as  on 
Oahu,  and  5,000  feet  on  Kauai,  the  northern  island  of  the  group,  to 
10,000  feet  on  Maui  and  to  not  quite  14,000  feet  on  Hawaii,  the  biggest 
island  and  the  most  southerly. 

The  Hawaiian  Islands,  lying  in  the  belt  of  the  northeast  trade  winds, 
have  on  their  windward  side  areas  of  very  heavy  precipitation.  The 
trade  winds  bring  the  moisture-laden  clouds,  which  pile  up  against  the 
high  mountains,  for  in  almost  ever}'  case  the  mountains  are  high  enough 
to  obstruct,  if  they  do  not  absolutely  stop  the  clouds  from  going  over; 
with  the  result  that  on  the  northeast  side  there  is  a  precipitation  which 
in  places  runs  up  to  as  high  as  300  inches  per  annum,  and  in  one  or  two 
spots  even  up  to  nearly  400  inches.  On  the  other  side  of  the  mountain, 
on  the  contrary,  particularly  on  the  Island  of  Hawaii,  where  the  moun- 
tains, being  almost  14,000  feet  high,  absolutely  shut  off  the  trade-wind 
clouds  from  the  lee  slopes,  there  obtain  conditions  almost  of  aridity. 
Thus,  in  places  on  the  lee  slope  of  Mauna  Loa  there  are  probably  not 
more  than  five  or  six  inches  of  rainfall  per  annum,  at  most  not  more 
than  10  inches.  Furthermore,  as  the  islands  rise  steeply  from  the  sea, 
there  are  marked  changes  in  temperature  as  one  goes  up,  and  hence, 
of  course,  differences  in  the  characteristic  vegetation  at  the  several 
elevations. 

The  main  industr}'  of  Hawaii  is  the  raising  of  sugar-cane.  The  aver- 
age crop  from  the  fifty-odd  plantations  which  are  in  operation  is  now 
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somewhat  over  five  hundred  thousand  tons  per  annum.  Sugar-cane  is 
for  the  most  part  a  very  profitable  crop.  If  one  makes  money  at  all 
he  makes  a  great  deal.  Thus,  while  some  of  the  plantations  have  never 
paid  any  dividends,  others  pay  from  12  to  18  per  cent  per  annum. 
The  average  for  the  Territory  as  a  whole  is,  however,  about  5  per  cent 

Some  of  the  very  best  land  for  sugar  raising  lies  around  the  slope  in 
the  section  which  does  not  receive  suiBcient  rainfall  to  grow  cane.  Here 
it  is  necessary  to  resort  to  irrigation.  Over  half  of  the  sugar-plantation 
area  is  irrigated  artificially,  so  that  about  two-thirds  of  the  sugar  pro- 
duced annually  is  the  result  of  irrigation.  This  has  led  to  extensive 
irrigation  works  being  inaugurated  and  put  into  effect  by  the  sugar- 
plantation  companies.  Altogether  about  fifteen  million  dollars  of  pri- 
vate capital  has  been  so  invested.  One  of  the  big  ditches  on  the  Island 
of  Maui,  for  instance,  is  45  miles  in  length.  Two  other  ditches,  not 
quite  so  long,  parallel,  one  above  and  one  below  this  big  ditch.  It  is 
now  planned  to  dig  a  ditch  on  the  Island  of  Hawaii,  the  so-called  Kau 
ditch,  which  will  carry  water  a  distance  of  over  90  miles. 

With  the  steep,  short  watersheds,  heavy  precipitation,  and  liabiliiy  of 
erosion  it  is  essential  that  a  cover  of  vegetation  be  kept  on  the  slopes  to 
insure  a  constant  and  steady  supply  of  water.  For  this  reason  the  Ter- 
ritory is  making  forest  reserves,  essentially  protection  forests,  on  the 
catchment  areas,  to  protect  the  streams  which  feed  the  irrigation  ditches. 
There  have  now  been  set  apart  27  forest  reserves,  witi  an  aggregate  area 
of  683,101  acres,  of  which  67  per  cent  (454,390  acres)  is  land  belonging 
to  the  Territorial  Government.  The  forest  reserves  in  Hawaii  are  some- 
what in  the  case  that  the  National  Forests  were  16  years  ago.  They 
appear  on  paper  and  officially  have  been  set  apart  by  proclamation  of  the 
Governor,  but  as  yet  they  have  not  the  efficient  system  of  administration 
which  they  need  and  which  it  is  hoped  later  to  secure.  However, 
through  the  cooperation  of  individuals,  and  especially  of  corporations, 
whose  interests  in  this  matter  are  identical  with  those  of  the  Territorial 
Government,  a  good  deal  is  being  done  in  protecting  and  administering 
the  forest  reserves.  Later  it  may  be  possible  to  have  all  the  administra- 
tive work  directly  under  the  control  of  the  territorial  officials. 

The  custom  in  making  forest  reserves  in  Hawaii  is  to  draw  a  boundary 
line  around  the  area  which  in  the  judgment  of  the  territorial  forester 
should  be  so  set  apart.  This  line  may  include  both  government  and 
privately  owned  land.  Public  hearings  are  then  held,  under  the  law, 
and  a  chance  given  for  objection.  Then,  unless  there  is  serious  objec- 
tion, the  Governor  sets  apart  by  proclamation  as  a  forest  reserve  the 
land  belonging  to  the  Territory.     If  the  land  is  under  lease,  it  is  set 
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apart  subject  to  the  existing  lease.  The  private  land  included  in  the 
forest-reserve  boundary  is  not  actually  taken  over  unless  the  private 
owner  wishes  to  transfer  it  to  the  Board  of  Agriculture  and  Forestry, 
which  he  may  do  under  the  law.  He  is  not  obliged  to  do  this,  but  as 
most  of  the  large,  privately  owned  forest  tracts  are  held  by  sugar-plan- 
tation companies,  in  practice  th«xe  is  a  good  spirit  of  cooperation  in 
caring  for  the  forest. 

All  told,  there  are  in  Hawaii  about  one  million  acres  of  native  forest. 
It  is  expected  that  eventually  about  three-quarters  of  a  million  acres  will 
be  included  in  the  forest  reserves,  of  which  about  70  per  cent  will  be 
Government  land.  There  are  still  three  or  four  big  reserves  to  be 
created,  one  on  the  northeast  end  of  the  Island  of  Hawaii,  which  will 
considerably  swell  the  present  total  area  and  bring  it  up  to  about  the 
figure  named. 

The  native  forest  in  Hawaii  consisted  of  three  principal  types.  First 
the  lowland  type,  extending  along  the  shore  and  up  to  an  elevation  of 
about  a  thousand  feet.  This  has  pretty  much  given  way  to  agricultural 
land,  and  except  in  a  few  spots  the  trees  of  the  shore  zone  have  prac- 
tically disappeared.  The  original  lowland  vegetation,  too,  has  been 
replaced  in  spots  by  the  introduced  Algaroba  forest,  the  mesquite  of  the 
Southwest,  which  was  brought  to  the  islands  by  one  of  the  early  Boman 
Catholic  priests,  and  from  a  single  tree  in  Honolulu  has  now  spread  over 
the  lee  side  of  each  of  the  islands  till  it  covers  from  50,000  to  60,000 
acres.  Algaroba  is  a  very  important  tree  locally  for  three  reasons.  It 
is  used  for  fuel — ^the  wood  sells  for  from  $10  to  $14  a  cord;  it  is  also 
good  as  a  bee  pasture;  and,  third,  the  pods  are  a  very  important  source 
of  stock  feed.  The  tree  develops  very  much  better  than  it  does  in  the 
Southwest.  It  gets  to  be  a  good-sized  tree  in  Hawaii — ^as  high  some- 
times as  fifty  or  sixty  feet,  with  attractive  form — spreading  and  deli- 
quescent. Algaroba  will  not  grow,  however,  on  the  windward  side  of  the 
islands,  in  the  area  exposed  to  the  trade  winds. 

Of  the  native  forest,  the  second  belt  stretches  from  above  the  land 
cleared  for  agriculture,  say  from  2,000  to  2,500  feet  up  to  about  6,000 
feet.  In  the  section  watered  by  the  trade-wind  rains  the  predominant 
tree  is  the  Ohia  lehua  (Metrosideros  polymorpha).  No  exact  figures 
are  available,  but  probably  from  65  to  70  per  cent  of  the  total  number 
of  trees  in  the  native  forest  are  of  this  species.  There  are  several  forms 
of  ohia,  but  whether  or  not  they  are  botanically  distinct  has  not  yet 
been  worked  out.  There  are  a  good  many  other  trees  of  slight  economic 
value,  except  that  they  form  a  dense  forest.  With  the  trees,  an  under- 
growth of  ferns,  shrubs,  and  climbers,  with  moss  on  the  surface,  makes 
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a  pretty  nearly  ideal  cover  for  a  watershed.  In  the  upper  part  of  this 
rain- forest  is  normally  the  home  of  the  koa  (Acacia  Jcoa)^  between  the 
elevations  of  five  and  six  thousand  feet. 

Getting  above  the  trade-winds  region,  up  into  the  upper  strata  w^ere 
the  rain  comes  from  chance  clouds,  there  is  a  third  forest  zone  on  the 
higher  mountains,  particularly  on  Mauna  Kea  on  Hawaii  and  Haleakala 
on  Maui,  where  another  tree,  the  mamani  {Sophora  chf:ysophylla)  makes 
in  places  an  open  forest.  The  wood  is  locally  valuable  for  fence-posts, 
being  very  durable  in  the  ground ;  otherwise  it  has  no  special  importance. 
Timber  line  is  about  10,500  feet.  There  are  numerous  small  shrubs  at 
that  elevation.  Higher  up  one  runs  into  a  sandy  soil,  with  little  vege- 
tation of  any  kind.  On  IVIauna  Loa  on  Hawaii,  which  is  of  recent  geo- 
logic origin,  there  is  hardly  any  vegetation  above  8,000  feet. 

I  regard  the  native  forest,  particularly  the  rain-forest  type,  as  being 
of  two  classes:  first,  the  water-bearing  forest,  and,  second,  what  I  have 
termed  the  "commercial  forest."  About  nine-tenths  of  the  forest  propo- 
sition of  Hawaii  is  a  protection  forest  problem,  pure  and  simple.  Water 
is  the  important  product,  not  wood,  and  everything  is  to  be  subordi- 
nated to  keeping  the  forest  intact  in  its  primeval  condition,  so  that  just 
as  much  water  can  be  got  out  as  possible.  What  is  needed  is  simply  to 
leave  the  forest  alone,  keeping  man  and  animals  out. 

The  Hawaiian  forest  is  peculiarly  susceptible  to  injury.  Even  a  few 
cattle  grazing  for  a  short  time  will  work  a  great  deal  of  damage.  Prac- 
tically all  the  species  composing  it  are  shallow-rooted  and  secure  their 
plant  food  from  the  upper  layers  of  the  soil.  When  the  undergrowth 
is  destroyed  by  cattle,  the  trees  are  unable  to  adjust  themselves  to  the 
changed  conditions  and  most  of  them  die.  Then  a  rank-growing,  intro- 
duced grass  gets  in  and  prevents  reproduction,  and  the  forest  disappears 
in  very  short  order.  To  insure  adequate  protection  to  the  watersheds  it 
is  absolutely  essential  that  the  forest  be  kept  intact. 

As  to  the  commercial  type:  there  are  some  areas,  particularly  on  the 
lee  side  of  Hawaii,  where  there  is  no  permanent  running  water,  due  to 
the  geological  formation,  these  districts  being  new  lava  country.  The 
whole  of  the  Island  of  Hawaii  is  incredibly  porous.  For  example,  along 
the  lee  coast  there  are  no  permanent  streams  for  a  distance  of  200  miles 
or  more.  Here,  obviously,  watershed  protection  is  unnecessary,  and  the 
wood  that  can  be  got  from  it  gives  the  principal  value  to  the  forest. 
Ohia  has  been  developed  both  for  railroad  ties  and  also,  and  now  prin- 
cipally, for  interior  flooring  and  wainscotting.  Koa  is  exclusively  a 
cabinet  wood.    Both  should  find  a  better  market  than  they  yet  have. 

The  practice  of  forestry  in  the  Territory  of  Hawaii  falls  under  one  or 
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the  other  of  two  general  divisions :  first,  the  creation  and  administration 
of  forest  reserves,  and,  second,  tree  planting.  The  forest  work  of  the 
Territory  is  carried  on  by  a  Division  of  Forestry  under  a  Board  of  Ag- 
riculture and  Forestry.  The  appropriation  amounts  to  about  $14,000 
per  annum,  fluctuating  somewhat  from  year  to  year.  The  creation  of 
forest  reserves  has  been  the  chief  work  of  the  local  forest  service  since 
it  was  established  ten  years  ago.  The  first  and  most  important  forest 
problem  facing  the  Territorial  Government  in  Hawaii  was  to  get  set 
apart  and  put  under  administration  the  area  of  native  forest  needed  to 
protect  the  watersheds.    The  second  main  line  of  work  is  tree  planting. 

Tree  planting  has  gone  on  more  or  less  actively  in  Hawaii  for  the  last 
thirty  years.  As  the  native  forest  has  been  pushed  back,  the  demand 
for  fuel  wood  on  the  plantations  has  increased,  as  has  also  the  need  for 
wood  for  various  structural  purposes.  All  of  the  native  Hawaiian  forest 
trees  being  hardwoods,  suitable  primarily  for  cabinet  work  rather  than 
structural  purposes,  all  of  the  construction  timber  used  in  the  islands 
is  brought  from  the  mainland.  Douglas  fir  and  redwood  are  imported 
in  large  quantities  every  year. 

Tree  planting  in  Hawaii,  so  far  as  it  has  yet  been  practiced,  was 
largely  developed  to  supply  minor  needs,  such  as  for  posts,  ties,  and 
bridge  timbers.  For  this  purpose  there  are  being  used  six  or  eight 
species  of  eucalyptus.  Other  trees  commonly  planted  are  the  Aus- 
tralian ironwood  (Casuarina) ,  the  Japanese  cedar  {Cryptomeria  jo 
ponica),  and  the  Australian  silk  oak  {Grevillea  robtista).  These  trees 
are  being  planted  in  various  places  in  the  Territory  and  will  more  and 
more  be  used  for  supplying  fuel,  ties,  posts,  as  well,  later,  as  timbers  for 
bridge  timbers,  rough  lumber  for  concrete  boxes  and  flume  construc- 
tion. In  connection  with  local  irrigation  a  great  deal  of  water  is  used 
on  the  windward  side  of  the  islands  for  transporting  the  cane  to  the 
mills,  by  means  of  flumes.  This  requires  long  trestles  across  deep 
gulches.  Large  quantities  of  timber  are  so  used,  and  as  these  trestles 
have  to  be  renewed  at  frequent  intervals  the  timber  item  is  no  small  one. 

The  ironwood  {Casuarina)  is  used  primarily  as  a  windbreak  in  places 
exposed  to  the  salt  spray  along  the  seacoast  in  Hawaii.  There  is  now 
a  belt  practically  all  the  way  for  30  or  40  miles — one  plantation  after 
another — ^which  enables  sugar-cane  to  be  grown  down  much  closer  to  the 
bluff  than  otherwise  would  be  the  case.  I  am  told  that  it  increases  the 
yield  in  these  lower  fields  by  about  a  ton.  On  a  low-tonnage  planta- 
tion— four  or  five  tons  to  the  acre — an  increase  of  half  a  ton  to  the  acre, 
or  sometimes  even  more  than  that,  is  an  item  that  is  distinctly  to  be 
considered. 
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The  Japanese  cedar  has  a  wood  very  much  like  redwood.  It  is  used 
by  the  Japanese  for  all  round  purposes,  much  as  w^e  use  redwood.  It  is 
going  to  be  an  extremely  valuable  tree  in  Hawaii.  This  tree  does  best 
at  from  one  to  three  thousand  feet,  especially  in  wet  places  not  exposed 
to  the  wind. 

Tree  planting  was  started  by  private  sugar  plantations  and  by  cer- 
tain individuals.  It  has  also  been  carried  on  in  a  more  or  less  sporadic 
manner  by  the  local  Government  from  as  far  back  as  the  time  when  the 
islands  were  a  monarchy.  During  the  last  nine  years  not  so  much  Qov- 
ernnient  planting  has  been  done  because  the  money  devoted  to  forestry 
has  been  used  more  in  other  ways,  but  in  the  last  two  or  three  yeajs 
planting  has  begun  again  on  Government  land. 

The  efforts  of  the  Division  of  Forestry  in  assisting  forest  planting 
have  consisted  in  the  giving  of  advice  as  to  what  kinds  of  trees  to  plant 
to  get  certain  desired  results,  and  how  to  do  the  work.  The  idea  em- 
bodied in  the  old  Forest  Service  Circulars  21  and  22  has  been  in  force. 
Further,  there  is  maintained  at  Honolulu  a  Government  nursery  where 
seedling  trees  are  grown  and  sold  at  cost  price,  or  given  away  during 
frequent  periods  of  free  distribution.  Arbor  Day  serves,  too,  as  a  con- 
venient excuse  to  push  tree  distribution,  but  for  the  most  part  the  trees 
are  sold  at  cost  price.  This,  I  think,  is  a  much  better  plan  than  giving 
them  away  free.  While  we  encourage  the  establishment  of  local  nur- 
series by  sugar-plantation  companies,  a  good  many  companies  have  pre- 
ferred to  buy  small  seedlings  from  us  and  do  their  own  transplanting. 
By  encouraging  tree  planting  in  these  ways  the  total  number  of  trees  set 
out  per  annum  has  in  the  last  five  years  materially  increased. 

Hawaii  has  one  advantage  over  eastern  States  in  that  in  the  islands 
tree  seedlings  can  be  got  ready  for  planting  in  a  short  time.  In  the 
case  of  the  eucalypts  it  is  a  matter  of  about  four,  or  at  most  six,  montliB 
from  the  time  of  seeding  to  planting  out.  With  the  ironwood  about  the 
same.  The  Japanese  cedar  takes  about  one  year.  The  eucalypts  are 
grown  in  flats,  after  the  general  custom  in  use  in  California.  In  addi- 
tion to  the  forest  trees  a  good  many  flowering  and  ornamental  trees,  as 
well  as  shade  trees  for  street  work,  are  grown  at  the  Government  nursery 
and  given  to  city  improvement  societies  and  others. 

Coining  now  to  the  points  I  wanted  especially  to  talk  about,  I  wish 
to  place  before  you  briefly  an  outline  of  certain  of  the  problems  we  have 
confronting  us  in  the  way  of  experimental  forest  planting,  with  the  idea 
that  it  will  lead  to  discussion,  because  there  is  a  whole  lot  of  light  to  be 
got  on  this  subject  and  I  want  to  get  some  from  this  company. 
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As  I  have  already  outlined,  in  talking  of  the  topographic  and  climatic 
conditions  in  Hawaii,  there  is  a  very  considerable  range  of  localities  and 
conditions  under  which  we  have  to  plant.  In  an  incredibly  short  dis- 
tance one  gets  absolutely  different  climatic  conditions.  Places  almost 
within  a  stone's  throw  of  one  another  will  have  in  the  one  case  heavy 
rainfall,  in  the  other  conditions  of  aridity.  For  instance,  in  Honolulu, 
which  is  on  the  south  side  of  the  range,  the  rainfall  in  the  town  is 
about  37  or  40  inches.  Going  up  to. the  Pali,  which  is  less  than  five 
miles  away,  a  gap  through  the  mountain  range,  the  rainfall  is  125 
inches.  As  one  goes  up  the  other  mountains  he  gets  equally  abrupt 
changes  in  rainfall  and  temperature. 

For  this  reason  we  have  in  Hawaii  something  like  10  or  12  typical 
districts,  varying  from  one  another,  for  each  of  which  it  is  necessary  to 
find  the  one  or  two  trees  best  adapted  for  forest  planting.  One  or  two 
species  is  enough  for  each  place,  but  we  have  to  find  the  most  suitable 
tree  for  each  locality.  To  do  this  we  are  attempting,  as  far  and  as  fast 
as  our  limited  funds  will  allow,  to  try  out  trees  of  economic  importance 
from  different  parts  of  the  world.  So  far,  certain  of  the  eucal3rpts,  the 
iron  wood  and  the  cryptomeria,  seem  to  be  the  best  adapted  to  our  needs. 
Very  possibly  we  can  find  something  which  is  still  better.  If  so,  we  dis- 
tinctly want  to  get  it.  This  is  for  the  lower  level.  Then,  above  an  ele- 
vation of  7,000  feet,  where  the  native  rain-forest  peters  out,  under  con- 
ditions apparently  not  at  all  dissimilar  to  southern  California — sandy 
slopes  and  similar  climatic  conditions — ^there  seems  to  be  an  admirable 
chance  to  bring  in  some  of  the  temperate-zone  trees,  particularly  pines 
and  other  conifers. 

The  object  of  all  the  tree-introduction  work  has,  of  course^  in  the  end 
a  direct  economic  bearing.  At  tbfi  lower  elevations  trees  are  needed  as 
far  as  may  be  the  wood  wants  of  the  plantations.  There  is  no  supply 
to  be  had  from  the  native  forests  because  Hawaiian  trees  do  not  yield 
construction  timber,  while  the  cost  of  timber  imported  from  America 
is  bound  to  increase  year  by  year.  On  many  plantations,  too,  the  ques- 
tion of  fuel  supply  is  a  serious  one. 

At  the  lower  elevations  tree  planting  will  be  done  on  areas  unsuited 
for  agricultural  crops,  such  as  gulch  sides,  field  comers,  and  the  like, 
or  on  rocky  land  that  cannot  be  used  to  advantage  for  other  crops  than 
trees.  On  the  upper  slopes  of  the  high  mountains  it  is  a  problem  of 
putting  to  wise  use  land  that  at  present  is  of  only  the  most  indifferent 
value  for  grazing.  Wood  is  needed ;  the  land  to  grow  the  trees  is  avail- 
able; the  problem  is  to  secure  the  right  trees.     To  find  out  what  trees 
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are  the  best,  the  most  practical  method  seems  to  be  the  establishment 
of  experimental  plantations,  where  species  new  to  the  islands  can  be 
planted,  cared  for,  and  watched. 

The  tree  planting  which  has  been  done  by  private  individuals  during 
the  last  30  years  has  been  rather  unsystematic,  as  one  would  naturally 
expect  it  to  be.  The  people  from  the  islands  in  traveling  have  been  in 
the  habit  of  bringing  back  seeds  and  plants  from  different  parts  of  the 
worid  and  putting  them  out,  usually  promptly  losing  the  names  in  the 
process.  For  this  reason  Honolulu  is  a  good  deal  like  an  unlabeled 
botanic  garden.  A  good  many  of  the  plants  so  far  introduced  are  orna- 
mentals. Of  the  economic  trees  the  choice  has  narrowed  down  prac- 
tically to  those  already  named. 

It  is  difficult  to  get  private  individuals  or  corporations  to  carry  on 
systematic  experimental  work.  Commercial  organizations  naturally 
want  something  they  know  is  going  to  succeed.  Experimental  work  un- 
fortunately very  often  leads  to  a  good  many  failures  with  few  successes. 
There  are,  however,  in  the  Territory  a  few  individuals  interested  in  ex- 
perimental tree  planting.  One  is  a  ranch  manager  on  the  slopes  of  Mt 
Haleakala,  who  is  planting  groups  of  trees  for  stock  shelters.  He  has 
tried  out  a  good  many  kinds  of  eucalypts;  from  these  groves  we  shall 
get  very  valuable  data.  One  or  two  other  persons  have  done  similar 
work.  But  for  the  most  part  experimental  forest  planting  will  have 
to  be  carried  on  by  the  Territorial  and  Federal  governments.  The  funds 
of  the  Territorial  Government  being  more  urgently  needed  in  other 
directions,  it  has  not  been  possible  to  devote  very  much  money  to  experi- 
mental work.  Beyond  having  the  time  of  one  or  two  laborers  in  the 
nurseries  taking  care  of  new  things,  and  some  small  sums  for  planting 
out,  I  have  not  been  able  to  get  the  amount  of  money  I  think  ought 
rightly  to  be  devoted  to  this  phase  of  the  work. 

However,  we  are  going  ahead  as  fast  as  we  can.  The  Federal  (Jov- 
emment,  through  the  Forest  Service,  has  for  the  last  four  years  given 
allotments  for  experimental  planting,  primarily  on  the  high  mountains, 
though  lately  we  have  been  using  part  of  the  money  for  tests  of  euca- 
lyptus at  the  lower  levels. 

On  two  of  the  higher  mountains,  Mauna  Kea  and  Haleakala  on 
Hawaii^  we  started  out  by  putting  three  plots  in  series  at  elevations  of 
seven,  nine,  and  eleven  thousand  feet,  and  afterward  one  more,  at  eight 
thousand  feet,  a  little  further  around  the  mountain,  and  on  Maui  at 
seven,  eight,  and  nine  thousand  feet.  The  idea  was  to  start  at  these 
points,  in  fenced-in  five-acre-plots,  certain  things  that  gave  promise  of 
doing  well  and  see  what  came  of  it.    Later,  if  these  plants  proved  a 
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success,  other  spots  could  be  started  elsewhere  on  the  mountain.  The 
plots  were  fenced  in  and  the  work  got  under  way.  To  save  time,  ship- 
ments of  seedling  trees,  conifers  (Coulter  and  JeflErey  pines,  incense 
cedar,  and  western  yellow  pine),  were  sent  down  from  the  Forest  Serv- 
ice nurseries  in  California.  Afterwards  I  got  from  the  D.  Hill  Com- 
pany, by  express,  certain  other  conifers,  western  yellow  pine,  and  an 
assortment  of  six  or  eight  other  conifers  that  I  thought  might  do  well. 

The  results  of  these  experiments  of  bringing  plant  material  from  the 
mainland  did  not  prove  a  success.  The  seedlings  got  to  Honolulu  all 
right,  in  first-rate  condition,  both  from  California  and  from  the  Hill 
Nursery,  but  in  the  transshipment  to  the  other  islands  there  was  some 
necessary  delay.  The  local  boats  only  go  twice  a  week  and  sometimes 
only  once  a  week,  and  the  ships  from  the  coast  frequently  come  in  the 
day  after  they  have  gone.  Then  there  is  the  long  haul  up  through  the 
hot  lower  country,  so  that  by  the  time  the  seedlings  were  delivered  at 
the  planting  ground  they  were  not  in  good  condition. 

We  have  since  been  able  to  establish  local  nurseries.  We  intended  to 
do  so  at  the  start,  but  there  were  various  hindrances  in  the  way.  Ap- 
parently things  were  pretty  well  fixed  for  cooperation  with  two  of  the 
ranches  which  were  carrying  on  forest  work,  but  when  the  plan  came 
to  be  put  in  practice  mechanical  diflSculties  developed,  so  that  we  were 
very  much  hampered  in  getting  results.  But  we  have  now  some  seed- 
lings coming  on  in  local  nurseries  which  I  hope  to  put  out  personally 
a  little  later. 

1  also  planted  considerable  quantities  of  seed  collected  by  the  Forest 
Service  on  the  western  forests,  and  also  some  seed  purchased  from  east- 
em  concerns.  At  first  I  tried  out  a  good  many  things  which  flatly  did 
not  do  well  at  all,  among  them  some  of  the  broad-leaved  trees  from  the 
eastern  part  of  the  United  States^  under  the  impression  that  the. con- 
ditions were  not  quite  so  unfavorable  as  they  afterwards  proved  to  be. 
As  yet  it  is  too  soon  to  tell  positively  about  the  conifers,  but  with  a 
number  of  species  the  percentage  of  seedlings  that  germinated  and 
lived  through  the  first  season  is  sufBciently  promising  to  be  really 
encouraging. 

The  purpose  in  sowing  tree  seed  direct  was  to  find  out  if  the  seed- 
spot  method  was  at  all  practicable  under  the  conditions  obtaining  in 
Hawaii  and  to  get  an  additional  line  on  the  behavior  of  the  species  tried. 
No  very  large  returns  were  expected,  but  as  the  cost  of  sowing  the  seed 
was  very  little,  it  was  felt  that  the  effort  was  justifiable. 

Seedlings  of  the  following  species  were  found,  among  others,  to  have 
germinated  and  apparently  to  have  started  to  grow  in  a  number  of  the 
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plots,  both  on  Maui  and  on  Hawaii :  Pinus  coulieri,  contorta,  ponderosa, 
murrayana,  insularis,  sylvestris,  radiata,  Cupressus  arizonica,  Libo- 
cedras  decurrens,  Picea  engelmanni,  P,  parryana,  and  Pseudo-tsuga 
taxifolia. 

It  seems  to  me  now  that  for  the  planting  of  these  upper  slopes,  where 
the  rainfall  is  scanty,  there  should  be  used  some  one  or  more  species  of 
conifer  from  the  Southwest,  or  possibly  even  from  the  Mexican  moun- 
tains, if  we  can  get  the  seed  of  such  trees.  I  think  by  trying  this  seed 
in  seed-spots  and  also  by  starting  in  a  nursery  and  planting  out  seed- 
lings we  may  be  able  to  establish  one  or  two  species  on  these  high  slopes. 
If  so  we  shall  have  been  justified  in  pushing  the  work  ahead.  I  wish 
to  bring  this  matter  up  for  discussion,  because  I  want  to  get  suggestions 
as  to  particular  trees  which  any  member  of  the  Society  may  have  to  rec- 
onmiend,  as  well  as  suggestions  as  to  desirable  modifications  of  method. 

For  the  last  two  years  a  portion  -of  the  Forest  Service  money  given 
Hawaii  has  been  diverted  from  the  planting  on  the  high  mountains 
and  used  in  establishing  plantations  of  eucalypts  in  Nuuanu  Valley,  near 
Honolulu.  The  place  is  near  the  city,  within  the  area  set  apart  for 
water-supply  purposes.  We  have  already  planted  there  some  20  species 
in  plots  of  about  half  an  acre  each,  the  trees  set  six  by  six.  The  kinds 
tried  are  species  supposed  to  be  of  economic  importance,  eucalypts  new 
to  the  Territory.  In  the  autumn  of  1912  we  expect  to  put  in  another 
block  of  as  many  more  kinds.  Our  idea  is  that  if  we  can  establish  these 
plantations  and  keep  them  up  for  some  time  we  can  find  out  which  of 
these  different  species  are  best.  And  then,  later,  by  establishing  similar 
plots  in  other  localities  throughout  the  islands,  and  showing  private 
owners  that  particular  kinds  are  good  at  certain  places,  we  can  induce 
them  to  plant,  on  a  larger  scale,  trees  that  in  the  long  run  will  yield 
excellent  returns.  The  proposition  in  Hawaii  is  that,  with  the  native 
forest  trees  being  unsuitable  for  structural  purposes,  and  with  the  in- 
creasing price  which  is  bound  to  come  for  timbers  imported  from  the 
mainland,  even  an  inferior  timber  tree  can  find  a  very  good  market, 
let  alone  its  use  for  fuel.  If  a  tree  grows  at  all  and  develops  any  sort 
of  shape,  we  are  practically  sure  of  a  market  for  the  wood  at  a  price 
which  will  a  good  deal  more  than  repay  the  cost  of  planting,  while  if  it 
develops  clear,  good  wood  the  return  ought  to  be  extremely  profitable. 

The  eucalypts  which  do  grow  well  in  Hawaii  grow  very  well  indeed. 
So  far  we  have  demonstrated  that  about  six  kinds  are  well  adapted  to 
local  conditions.  The  blue  gum  {Eucalyptus  glohuhis)  is  of  course  the 
fastest  growing  of  the  eucalypts.  It  does  best  with  us  from  ab6ut  two 
to  five  thousand  feet.    At  4,000  feet  I  have  seen  a  small  but  typical 
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stand  which  was  as  good  as  any  I  have  ever  seen  in  the  Sacramento 
Valley.  The  trees  were  125  feet  tall  and  from  16  to  18  inches  in 
diameter^  all  in  14  years.  At  the  lower  elevations  the  blue  gum  does 
not  succeed.  Eucalyptus  robusta — swamp  mahogany — ^is  now  being 
planted  throughout  the  Territory,  because  next  to  the  blue  gum  it  is 
one  of  the  most  rapid-growing  of  the  genus  and  because  in  Hawaii  it 
is  an  excellent  windbreak.  Some  of  the  other  eucalypts  that  have  been 
used  are  the  E,  citriodora,  which,  however,  is  more  valuable  for  orna- 
mental purposes  than  for  timber,  and  the  E.  resinifera,  which  is  going 
to  be  a  very  good  tree  in  dry  places.  Something  like  30  diflFerent  species 
have  been  planted  so  far.  Of  this  number  we  are  absolutely  sure  of 
five  or  six,  and  we  are  practically  sure  of  about  as  many  more.  The  rest 
need  considerably  more  experimenting  with  before  we  can  get  to  the 
point  where  we  can  definitely  recommend  them. 

The  purpose  of  the  experimental  plantation  in  Nuuanu  Valley,  and  of 
others  like  it  which  we  hope  later  to  establish  elsewhere  in  the  Territory, 
is  to  procure  just  such  information.  Unless  the  Government  does  it, 
ihis  work  will  not  be  done.  But  if  the  results  are  once  secured  and 
inade  public  they  will  be  of  immediate  use  and  value  to  many  people. 

DISCUSSION 

In  the  discussion  which  followed,  Mr.  Zon  raised  the  objection  that 
unless  there  were  very  definite  records  available  as  to  the  physical  and 
meteorological  conditions  in  a  given  locality — more,  for  instance,  by  a 
good  deal  than  were  available  for  the  upper  mountain  slopes  in  Hawaii — 
it  was  inadvisable  to  engage  in  forest  planting,  particularly  by  the  seed- 
spot  method.  When  somewhat  exact  data  were  available,  then  species 
could  be  selected  and  set  out,  with  reasonable  certainty  of  success,  at 
less  expense. 

While  theoretically  this  point  of  view  is  unquestionably  correct,  I  can 
but  believe  that,  now  that  the  plots  on  the  high  mountains  in  Hawaii 
are  established,  useful  results  can  be  got  from  continuing  the  use  of 
seed-spots  and  trying  out  additional  species  in  this  way.  It  may  not  be 
the  best  method,  but  under  existing  conditions  it  is  one  that  can  be 
worked.  And  so,  while  frankly  admitting  that  it  is  not  the  scientific 
way  of  going  about  it,  I  contend  that  enough  of  benefit  is  likely  to  result 
to  justify  the  effort  expended. 
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Vermont  is  fortunate  in  being  damaged  less  by  forest  fires  than  any 
other  State  of  New  England,  about  one-tenth  of  1  per  cent  of  the 
wooded  area  of  the  State  having  been  burned  over  in  the  three  and  one- 
half  years  since  the  establishment  of  the  Forester's  office.  The  total 
estimated  damage  for  this  period  is  about  $15,000,  and  the  cost  of 
extinguishing  about  $3,500.  Tbis  comparative  safety  from  fires  makes 
it  possible  for  the  State  Forest  Service  to  devote  more  attention  to 
forestry  propaganda  than  in  some  States,  and  makes  the  policy  of  re- 
forestation especially  acceptable  to  the  landowners. 

The  General  Assembly  of  1906  created  the  State  Nursery  under  the 
direction  of  the  University  of  Vermont,  with  an  annual  appropriation 
of  $600,  and  small  sales  of  stock  were  made  in  the  spring  of  1908. 
The  Assembly  of  that  year  created  the  office  of  State  Forester,  w^ith  an 
appropriation  of  $8,000  for  all  purposes,  and  transferring  the  State 
Nursery  to  his  direction.  Since  that  time  the  nursery  has  been  steadily 
enlarged,  and  the  sales  have  each  year  increased.  The  State  Forester 
has  acted  as  broker  for  the  people  and  purchased  from  outside  nurseries 
large  quantities  of  stock  to  supplement  that  raised  by  the  State.  In 
1909  the  blister-rust  disease  was  unfortunately  imported  on  white-pine 
stock.  Since  then  pine  stock  has  been  purchased  only  from  American 
nurseries,  and  $1,210  has  been  expended  in  eradicating  the  disease. 

The  sales  made  by  the  State  Nursery  have  been  as  follows: 

1909  195,000 

1910  376,700 

1911  480,300 

1912  530,400 

1,582,400 

Of  these  about  90  per  cent  have  been  white  pine,  the  remaining  10 
per  cent  being  made  up  of  Scotch  and  Norway  pine,  Norway  spruce, 
black  locust,  and  European  larch.  The  chief  reason  that  such  a  large 
proportion  is  of  white  pine  is,  I  believe,  the  ease  of  raising  this  species, 
coupled  with  the  general  knowledge  of  its  good  qualities.  The  State 
Nursery  has  been  unable  to  supply  the  demand  for  this  species,  and 

(222) 
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has  therefore  not  gone  extensively  into  the  raising  of  other  species. 
Here  is  a  good  field  for  the  private  nursery  company.  In  Vermont 
both  the  Scotch  and  Norway  pine  may  be  safely  recommended  for  the 
lower  elevation  and  drier  soils.  The  European  larch  does  well  on  the 
warm,  well-drained  slopes,  and  should  be  extensively  planted.  This, 
however,  cannot  be  imported  from  a  nursery  to  the  South  because  of 
its  early  sprouting  habit.  There  is  a  growing  demand  for  Norway 
spruce,  which  has  been  extensively  advocated  on  the  strength  of  one 
small  plantation.  The  International  Paper  Company,  which  is  plant- 
ing extensively,  has  in  its  nursery  nearly  2,000,000  Norway  spruce. 
While  it  is  true  that  this  species  is  more  rapid  growing  than  the  red 
spruce,  it  is  well  known  that  it  is  short  lived  and  that  it  is  a  poor 
reproducer.  Plantations  of  the  species  which  have  come  under  my 
observation  have  done  poorly  compared  to  those  of  white  pine  on  similar 
sites.  These  have  all  been  on  abandoned  farm  land,  and  the  grass 
growth  is  apparently  injurious  to  the  Norway  spruce.  This,  I  believe, 
has  been  so  in  southern  Germany.  The  white  spruce  is,  in  my  opinion, 
a  better  tree  to  plant  in  Vermont  than  the  Norway,  but  owing  to  the 
scarcity  of  its  seed  it  has  not  as  yet  been  raised  in  commercial 
quantities. 

Two  other  species  which  should  be  widely  planted  on  account  of  their 
rapid  growth  and  value  are  the  white  ash  and  basswood.  There  is  a 
special  demand  for  the  latter  on  the  part  of  farmers  interested  in  honey 
production,  but  at  present  neither  ash  nor  basswood  seedlings  are 
available. 

In  deciding  the  prices  to  be  charged  by  the  State  Nursery  the  aim  has 
been  to  obtain,  as  nearly  as  possible,  the  actual  cost.  We  have  tried 
never  to  let  the  price  fall  below  cost,  so  that  the  competition  would  in- 
terfere as  little  as  possible  with  private  nurseries.  Three-year  trans- 
plants of  white  pine  have  been  sold  for  $5  per  thousand,  and  two-year 
seedlings  from  $3.10  to  $2.75  per  thousand.  In  the  spring  of  1913 
Scotch-pine  transplants  three  years  old  will  be  sold  for  $5  per  thou- 
sand, and  Norway  spruce  of  the  same  age  for  $5.50.  We  estimate  that 
the  cost  of  three-year  white-pine  transplants  is  made  up  about  as  follows : 
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Cost  per  1,000  S-year  White  Pkie  Transplants, 

Seed    $0.63 

Fertilizer  and  water 12 

Labor  first  year 60 

Use  of  screens 30 

Supervision,  and  ofilce  expense 32 

Cost  of  1-year  seedlings $1.97 

Labor  and  water  second  year -27 

Transplanting $0.90 

Care  third  year 90 

Land  rental  3  years 10 

Fertilizers    25 

Water   04 

Packing  and  boxes 55 

2.74 

Cost  of  3-year  transplants $4.98 

The  encouraging  feature  in  Vermont  is  not  so  much  the  number  of 
trees  planted,  but  the  general  interest  in  the  subject.  The  State 
Nursery  has  distributed  stock  to  three  hundred  different  landowners 
situated  in  every  county  of  the  State  and  in  nearly  one-half  the  towns. 
The  average  number  planted  by  each  landowner  has  therefore  been 
about  5,000.  These  parties  have  been  of  all  classes:  farmers,  lumber- 
men, business  and  professional  men,  city  parks  and  water  works,  and 
corporations  of  various  kinds.  It  must  be  remembered  that  other  ex- 
tensive plantings  have  been  made  by  the  International  Paper  Company. 
The  plantations  thus  far  made,  being  so  widely  scattered  over  the  State, 
will  in  a  few  years  be  of  great  educational  value  in  interesting  others 
in  forestrv. 

In  fact,  the  educational  value  of  the  first  plantations  is  already  ap- 
parent because  of  the  general  success  of  the  plantations  made.  An 
inspection  made  in  1912  of  the  plantations  set  out  in  1909  showed  that 
in  twenty  of  these  at  least  90  per  cent  of  the  trees  set  were  alive,  and  in 
ten  others  there  were  between  80  per  cent  and  90  per  cent  alive,  while 
only  three  were  reported  as  having  less  than  half  the  trees  living.  In 
these  cases  the  failure  was  due  to  a  combination  of  poor  planting  and 
damage  by  cattle. 

The  present  interest  in  forest  planting  in  Vermont  is  due  to  a  grow- 
ing sense  of  security  from  fire  and  the  educational  program  which  has 
been  pursued  in  connection  with  the  State  Nursery.  It  is  not,  in  any 
w^ay,  due  to  the  law  which  has  for  many  years  been  on  the  statute  books, 
providing  a  ten-year  exemption  from  taxation  on  plantations.     Of  the 
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three  hundred  landowners  who  have  planted,  only  three  have  taken  ad- 
vantage of  this  law.  There  is,  at  present,  a  bill  before  the  General 
Assembly  the  passage  of  which,  it  is  believed,  will  still  further  stimu- 
late planting.  This  bill  provides  that  lands  planted  with  forests  shall 
be  assessed  at  not  exceeding  $3  an  acre,  and  that  no  tax  shall  be  levied 
on  the  growing  timber  imtil  it  is  cut.  At  that  time  it  shall  be  taxed 
10  per  cent  of  its  gross  stumpage  value.  It  is  further  provided  that  it 
shall  be  optional  with  the  owner  whether  he  will  place  his  land  under 
this  system  of  taxation,  but  if  he  elects  to  do  so  he  agrees  to  manage 
the  tract  under  the  direction  of  the  State  Forester. 

This  bill  was  introduced  at  the  request  of  the  Forester  and  with  the 
approval  of  the  Governor,  with  the  idea  that  it  would  win  the  approval 
of  the  legislature  as  a  conservative  measure,  and  once  passed  would  serve 
as  an  entering  wedge  for  reform  in  taxation  of  all  forest  property. 
Curiously  enough,  the  chief  opposition  to  it  has  been  on  the  part  of 
those  who  wished  to  go  farther,  and  another  bill  has  now  been  intro- 
duced using  the  same  machinery  as  that  provided  in  the  Forester's  bill. 
This  provides  that  the  owner  of  land  covered  with  woody  growth  under 
eight  inches  in  diameter,  breast  height,  may  place  the  same  under  the 
direction  of  the  State  Forester  and  be  taxed  as  provided  in  the  other 
bill.  The  aim  of  this  bill  is,  of  course,  not  only  to  encourage  planting, 
but  to  discourage  the  cutting  of  immature  timber.  Lest  such  a  law 
should  result  in  handicapping  a  town  for  lack  of  revenue,  the  bill  fur- 
ther provides  that  in  any  one  year  the  amount  of  land  put  under  this 
system  shall  not  be  great  enough  to  reduce  the  grand  list  of  the  iown 
2  per  cent.  What  the  fate  of  these  proposed  bills  will  be  cannot,  at 
present,  be  predicted. 

In  this  bill  there  is  evidence  of  a  growing  interest  in  reforestation 
by  natural  as  well  as  by  artificial  means.  While  planting  will  be  more 
and  more  common  in  the  future,  the  writer  considers  the  chief  purpose 
of  the  present  planting  as  educational — a  means  of  getting  landowners 
interested  in  silvicultural  practice.  Planting  is  the  handle  by  which 
the  greatest  number  of  people  can  be  interested  in  forestry.  As  the 
nursery  supplies  grow — both  public  and  private — it  will  be  easy  to  in- 
duce an  indefinite  number  to  plant.  Last  year  a  circular  letter  was  sent 
to  about  one  thousand  addresses,  taken  at  random  from  the  telephone 
directory,  calling  attention  to  the  value  of  planting.  A  great  many 
inquiries  resulted,  and  several  orders  for  stock  from  parties  hitherto 
uninterested.  Circularization  of  this  sort  by  the  State  on  an  extended 
scale  will  be  productive  of  great  results,  much  greater  than  would  result 
from  circulars  distributed  by  private  nurseries. 
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The  State  forests  must  be  spoken  of  in  this  connection,  since,  m 
Vermont,  their  purpose  is  mainly  educational.  The  State  owns  at  pres- 
ent (January,  1913)  seven  tracts,  with  an  aggregate  area  of  a  little  over 
3,500  acres.  These  areas  have  been  acquired  either  by  purchase  or  gift, 
with  the  idea  of  furnishing  demonstrations  of  practicable  forestry  work 
in  as  many  sections  of  the  State.  They  are  located  in  accessible  regions 
and  have  several  types  of  forest,  so  that  different  lines  of  work  may  be 
demonstrated.  -For  the  most  part  they  are  culled  lands,  and  compara- 
tively little  income  can  be  realized  from  them  for  some  time.  If  an 
annual  appropriation  of  $10,000,  now  before  the  General  Assembly,  is 
granted,  it  will  be  possible  to  gradually  acquire  timber  land  where  im- 
proved methods  of  lumbering  can  be  demonstrated.  In  the  meantime 
planting  operations  are  being  prosecuted  on  nearly  all  these  forests, 
and  these  are  already  having  the  desired  effect  of  interesting  owners  in 
the  various  regions  in  private  planting. 

In  connection  with  these  forests  summer  schools  are  held  for  the  pur- 
pose of  bringing  together  in  the  forest  a  number  of  people  to  consider 
forestry  problems.  While  these  are,  as  yet,  new,  it  is  believed  that 
they  will  prove,  when  more  generally  known,  a  most  effective  way  of 
stimulating  activity  among  the  smaller  landowners. 

Each  year  the  requests  increase  for  advice  in  the  field,  and  while  in- 
terest in  natural  reproduction  is,  as  yet,  very  slight  compared  to  that  in 
planting,  it  is  certainly  gaining  ground.  The  sentiment  throughout 
the  State  is  most  favorable  to  forestry;  and  while  comparatively  few 
are,  as  yet,  practicing  it,  there  is  no  longer  any  open  opposition,  and 
nearly  every  one  believes  in  it  as  a  most  important  measure  for  the 
State.  It  may  be  said  to  rank  in  the  interests  of  the  people  with  the 
movements  for  good  roads  and  agricultural  schools.  I  am  glad  to  say 
that  we  now  have  a  Governor  who  has  been  interested  in  forestry  from 
the  first,  and  who  has  done  more  for  its  advancement  than  any  other 
man  in  the  State. 


CERTAIN  LIMITATIONS  OF  FOBEST  MANAGEMENT 

A.   B.   REGKNAGEL 
Contributed 

This  paper  is  far  from  attempting  to  cover  completely  so  large  a 
subject,  but  rather  to  bring  up  for  discussion  certain  phases  of  forest 
management  in  the  hope  that  members  of  the  Society  may  contribute 
freely  their  views  and  experiences. 

Considering  the  relation  of  fire  protection  to  forest  management^  is 
there  not  a  tendency,  especially  among  graduates  of  eastern  birth  and 
training,  to  assume  that  forest  management,  ipso  facto,  demands  com- 
plete protection  from  fire?  Most  plans  of  management  contain  the  de- 
mand for  complete  fire  protection;  and  yet  this  very  demand  may  not 
always  be  well  advised.  Forest  management  has  many  limitations  im- 
posed upon  it  by  silvicultural  and  economic  conditions  which  may  force 
a  deviation  from  the  axiomatic  "complete  protection.** 

Perhaps  this  point  will  be  clearer  if  the  interrelation  between  man- 
agement and  fire  protection  be  analyzed  and  then  several  concrete  in- 
stances given. 

It.  is  a  safe  premise  to  say  that  in  putting  any  forested  area  under 
management  one  of  the  earliest  considerations  should  be  the  establishing 
of  an  adequate  protection  from  fire.  To  this  end  the  following  points 
should  be  considered: 

A.  The  fire  danger  in  the  general  region. 

1.  Cause,  prevalence,  and  character  of  fires. 

2.  Sentiment  of  the  community  toward  fires. 

3.  Prevalent  methods  of  preventing  and  combating  fires. 

B.  The  specific  conditions  in  respect  to  fires  on  the  tract  in  question. 

1.  Past  fires — their  origin,  extent,  and  damage  done. 

2.  Present  inflammability  of  the  tract. 

3.  The  menace  or  protection  afforded  by  contiguous  tracts. 

4.  The  sum  which  can  be  profitably  expended  in  fire  protection. 

5.  The  most  feasible  system  of  protection. 

6.  The  character  of  protection  desired — ^whether  complete  or  partial, 

whether  only  during  the  progress  of  logging  and  regeneration  or 
permanently. 
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A  careful  weighing  of  these  points  will  often  lead  to  the  concluflion 
that  permanent,  complete  fire  protection  is  not  warranted,  either  eco- 
nomically or  silvicultnrally. 

Fire  protection,  just  as  much  as  any  other  phase  of  forest  manage- 
ment, must  justify  itself  from  the  economic  standpoint  as  far  as  the 
commercial  (exploitation)  forest  is  concerned.  Ttie  protection  forest 
and  the  forest  for  aesthetic  purposes  (game  preserves,  parks,  etc.)  are 
things  apart,  and  secure  indirect  benefits  which  are  difficult  to  gauge  aa 
a  business  proposition.  But  the  test  which  can  be  applied  to  the  com- 
mercial forest — be  it  National,  State,  communal  or  private — ^is  what  the 
Germans  call  '^Rentabilitat"— does  it  pay? 

The  returns  from  fire  protection  must  offset  the  outlay,  directly  or 
indirectly.  Therefore,  the  amount  which  should  be  spent  for  the  pro- 
tection of  any  given  tract  under  regulated  forest  management  depends 
in  general  on  (1)  the  damage  to  the  timber  or  grass  or  other  forest 
product,  (2)  the  situation — whether  especially  perilous,  and  (3)  a  rea- 
sonable interest  on  the  capital  represented  by  the  tract. 

Aside  from  certain  silvicultural  measures  of  burning  (c.  g.,  burning 
over  to  secure  regeneration  of  Douglas-fir  cuttings,  etc.),  the  question 
of  the  degree  and  permanency  of  fire  protection  from  the  standpoint  of 
forest  management  is  chiefly  one  of  profit  and  loss.  However,  this 
question  is  far  from  simple  of  solution  because  of  a  great  number  of 
complicating  factors.  Who  can,  for  example,  correctly  gauge  the  prob- 
ability of  fire  running  over  a  given  tract  in  the  next  ten  years?  Who 
can  figure  on  the  probable  soil  depreciation  and  injury  to  growth  which 
must  be  set  off  against  the  cost  of  protection?  In  other  words,  pro- 
tection from  fire  secures  a  complexity  of  advantages,  the  economic  de- 
sirability of  which  is  well  nigh  impossible  of  determination  in  terras 
of  dollars  and  cents.  And  yet,  however  roughly,  one  must  make  8(Mne 
calculations  of  probable  profit  and  loss  in  order  to  fix  in  a  business- 
like way  the  amount  which  can  be  economically  expended  for  the  pro- 
tection of  a  given  tract. 

A  concrete  example  of  a  lumber  company  operating  in  the  Southern 
pineries  will  serve  to  illustrate  this :  They  desire  to  practice  conservative 
lumbering,  getting  an  annual  yield  of  20  million  feet  and  cutting  over 
the  same  area  every  30  years.  It  costs  them,  say,  $3,000  each  year  to 
protect  from  fire  the  area  cut  over  that  year,  which  yielded  20  million 
feet,  and  in  30  years  will  again  yield  20  million  feet.  This  means  an 
initial  investment  of  15  cents  per  M  for  protection,  which,  discounted 
at  4  per  cent  to  the  end  of  the  30  years,  means  $2  per  M  of  merchant- 
able timber.     Even  allowing  for  the  increasing  value  of  stumpage  and 
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lumber,  $20  per  M  would  be  a  very  high  figure  for  the  profit  at  the 
time  of  the  second  cut,  30'  years  hence.  This  means  that  10  per  cent 
of  the  profit  goes  for  protection — an  extremely  important  item  in  cal- 
culating the  business  economy  of  conservative  lumbering. 

Much  the  same  problem  confronted  the  Forest  Service  in  inaugurat- 
ing the  administration  of  the  Florida  National  Forest.  Based  on  East- 
em  (and  Western)  precedent,  the  writer  did  not  hesitate  in  his  working 
plan  for  the  Western  Division  of  that  Forest  to  advocate — ^yes,  to  insist 
upon — complete  fire  protection.  This  was  early  in  1910.  Three  years 
of  actual  administration  showed  that  not  only  would  complete  fire  pro- 
tection be  prohibitively  expensive;  but  that  it  would  be  unnecessary  and 
dangerous.  Controlled  burning  and  the  complete  protection  of  areas 
undergoing  regeneration  has  been  successfully  adopted  instead. 

A  brief  description  of  the  Florida  National  Forest  is  essential  to  an 
understanding  of  the  plan  of  managing  the  timber  on  it.  The  Western 
Division  of  this  Forest,  with  an  area  of  approximately  467,690  acres,  is 
located  in  western  Florida,  between  Pensacola  and  De  Funiak  Springs, 
in  Walton  and  Santa  Eosa  counties.  It  comprises  an  almost  level,  sand 
plain,  dissected  by  many  small  and  some  larger  streams.  The  soil  is 
chiefly  an  almost  pure  sand,  of  great  depth,  except  in  the  occasional 
swamps. 

The  climate  is  subtropical,  with  a  very  short  winter  and  no  snow. 
The  annual  rainfall  averages  56  to  60  inches;  there  are  two  main  dry 
periods— March,  April,  May,  and  October  and  November. 

The  Forest,  except  for  the  occasional  swamps,  spruce-pine  and  oak 
"scrub,"  consists  of  a  practically  pure  stand  of  long-leaf  pine,  with 
more  or  less  scrub  oak  undergrowth.  On  favorable  sites  the  slash  pine 
takes  its  place  with  the  long-leaf,  which  it  closely  resembles.  The  stand 
is  usually  very  open;  the  trees  are  short  (averaging  65  feet  in  total 
height),  with  limby  tops.  Individual  trees  seldom  exceed  20  inches  in 
diameter  outside  the  bark  at  4^  feet  above  the  ground. 

The  growth  is  slow;  trees  one  hundred  years  old  average  only  10 
inches  in  diameter  outside  the  bark  at  4^  feet  above  the  ground.  At  one 
hundred  and  fifty  years  the  average  diameter  is  12^  inches;  at  two  hun- 
dred years,  14%;  a  diameter  of  16  inches  is  not  reached  until  the  two 
hundred  and  sixtieth  year. 

The  scrubby  character  of  the  stand  and  the  exceedingly  slow  growth 
is  due  primarily  to  the  sand  on  which  this  timber  grows. 

The  private  holdings  are  intimately  interspersed,  checker-board 
fashion,  with  the  Government  land.  The  private  land  has  been  or  is 
being  worked  for  turpentine.    Much  of  the  timber  has  been  boxed;  now 
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cups  are  being  used  almost  exclusively.  There  are  26  typical  turpentine 
fanns  with  typical  equipment  within  or  adjacent  to  the  boundaries  of  the 
Forest. 

Since  most  of  the  privately  owned  forest  has  been  worked  over,  there 
is  a  very  strong  demand  for  turpentining  the  round  timber  belonging  to 
the  Government.  Turpentine,  therefore,  is  the  main  object  of  man- 
agement in  this  Forest.  It  has  been  customary  to  sell  the  turpentined 
timber  to  lumbermen. 

Under  the  Government  plan  of  managing  the  long-leaf  pine  for  the 
production  of  turpentine,  the  use  of  a  system  of  cupping  is  ba^ie. 
Scarcely  less  so  is  the  cupping  to  a  diameter  limit.  In  order  to  prolong 
the  productivity  of  the  tree  and  minimize  the  injury,  the  chipping  must 
be  shallow  and  light. 

Fire  lines,  not  less  than  three  feet  wide  in  the  narrowest  place,  must 
be  hoed  or  plowed  around  the  area  covered  by  the  turpentine  permit 
in  such  a  manner  as  to  completely  isolate  it  from  adjoining  lands. 
Natural  fire-breaks,  such  as  creeks,  swamps,  roads,  etc.,  may  be  utilized. 
These  fire  lines  must  be  made  and  receive  the  approval  of  the  forest 
officer  in  charge. 

Absolute  fire  protection  on  the  Florida  Forest  proved  impossible; 
the  inhabitants  were  accustomed  to  burning  over  the  area  every  year — 
to  keep  the  brush  down,  in  case  of  the  turpentine  operators;  to  im- 
prove the  range^  in  case  of  the  cattle  and  sheep  men.  Whether  this 
practice  is  good  or  bad  is  beside  the  point ;  it  is  prevalent  and  serves  the 
intended  purpose  of  keeping  the  woods  open.  To  keep  out  fire  abso- 
lutely over  the  whole  Forest  is  not  only  impossible  without  an  extrava- 
gant expenditure,  but  would  also  serve  no  useful  purpose.  The  woods 
would  become  "rough*'  with  brush  until  they  were  a  perfect  fire  trap; 
a  fire  occurring  after  several  years  of  absolute  protection  would  mean 
a  holocaust,  destroying  large  trees  which  are  now  immune;  for  even  a 
sapling  long-leaf  pine  can  resist  the  light  ground  fires  of  areas  burned 
over  annually.  Hence  no  advantage,  and  instead  a  positive  danger, 
lies  in  absolute  protection  of  the  mature  timber.  However,  areas  under- 
going regeneration  must  be  protected  from  fire,  and  here,  in  the  plan 
of  management  for  the  Florida  Forest,  fire  protection  centers.  TTie 
turpentined  areas  are  grouped,  and  to  each  group  is  accorded,  when  the 
cupped  timber  has  been  completely  worked  and  logged,  absolute  protec- 
tion from  fire  until  reproduction  has  not  only  been  achieved,  but  is  at 
the  sapling  stage  (over  5  feet  high),  when  by  gradual,  light  burnings 
the  inflammable  brush  will  be  reduced  and  thus  the  area  ''opened  up'* 
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again.    Save  for  these  restricted  areas,  the  rest  of  the  Forest  is  practically 
immune  from  fire,  for  the  cupped  trees  are  raked  as  described  above. 

Such  concentrated  fire  protection  is  probably  the  best  economic  and 
silvicultural  solution  of  the  problem  in  the  Southern  pine  belt;  cer- 
tainly in  the  long-leaf  pineries.  Similar  conditions  where  partial  pro- 
tection is  the  best  solution  will  doubtless  occur  to  the  reader — ^tracts 
where  the  mature  timber  is  in  no  danger  of  fire  and  where  protection 
can  be  centered  on  the  areas  of  young  growth. 


IMPROVINO  COMMERCIAL  METHODS  OF  KILX-DRYING 

LUMBER 

BT  HARRY  D.  TIEMANN 
Contributed 

Necessity  of  Drying  Wood. 

Before  wood  can  be  used  in  the  arts  or  manufactures,  it  is  generally 
iie(*es8arv  to  remove  the  greater  part  of  the  water  which  it  contains. 
In  its  natural  state  wood  contains  from  30  to  over  100  per  cent  of  its 
dry  weight  in  the  form  of  moisture;  dry  wood  therefore  is  in  an  un- 
natural state,  since  from  the  time  it  is  first  fonned  until  the  tree  dies 
or  is  cut  down  the  wood  has  never  once  become  dry. 

If  it  were  not  for  the  shrinkage  which  accompanies  the  reduction  in 
moisture,  the  drying  of  lumber  would  be  a  simple  proposition.  This 
shrinkage  is  also  the  chief  reason  why  it  is  desirable  to  have  wood  at 
the  proper  moisture  in  which  it  is  to  remain  before  it  is  manufactured 
into  finished  articles.  The  swelling  of  dry  wood  when  it  reabsorbs 
moisture  in  moist  air  is  a  like  difficulty  in  its  utilization. 

Partially  dried  wood  will  swell  again  to  approximately  its  original 
size,  but  thoroughly  dried  wood  will  not  swell  quite  as  much  under  the 
same  conditions.  In  fact,  wood  dried  at  high  temperatures  loses  some 
of  its  hygroscopicity.  This  is  another  reason  why  it  is  necessary  to 
thoroughly  dry  wood  before  it  is  manufactured. 

The  Problem  of  Drying. 

If  drying  wood  were  simply  a  matter  of  evaporating  moisture,  there 
would  be  very  little  problem  to  it,  since  it  would  be  a  simple  mechanical 
problem  of  supplying  the  necessary  heat. 

On  account  of  shrinkage  the  necessity  of  transmission  of  moisture 
through  the  wood  substance,  and  the  effect  produced  by  heat  and  hu- 
midity upon  the  substance  of  the  wood  causing  physical  and  chemical 
changes,  and  of  still  other  factors  in  some  cases,  the  drying  of  wood  is 
far  from  a  simple  matter  and  becomes  a  very  difficult  problem,  especially 
with  certain  species. 

The  earliest  builders  of  kilns  took  into  consideration  only  this  first 
part  of  the  problem,  that  of  evaporating  moisture.  A  draught  of  dry 
air,  usually  from  some  form  of  furnace,  was  used.  There  are  in  exist- 
ence a  number  of  patents  for  apparatus  of  this  or  similar  kinds.  With 
(232) 
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some  species  of  wood,  such  as  soft  pines,  Douglas  fir,  and  spruce,  the 
operation  of  drying  involves  but  little  more  than  this,  but  with  most 
species,  especially  with  the  hardwoods,  the  consideration  of  the  physical 
effect  of  the  operation  upon  the  wood  is  the  controlling  factor,  and  the 
problem  becomes  very  complex  and  diflScult.  In  fact,  almost  every 
species  behaves  differently  and  requires  different  treatment. 

Objects  to  be  Obtained  in  Commercial  Operations, 

Conmiercially  there  are  three  main  objectp  to  be  fulfilled  in  the  kiln- 
drying  of  lumber,  namely:  (1)  to  reduce  its  weight  for  shipping;  (2) 
to  reduce  the  quantity  neceftsary  to  carry  in  stock  when  allowed  to  air- 
season  by  hastening  the  rate  of  drying,  and  (3)  to  prepare  the  wood 
for  whatever  use  it  is  to  be  applied;  that  is,  to  improve  the  quality  of 
the  product. 

Drying  Softwoods  Primarily  to  Reduce  the  Weight, 

As  to  improvement  of  present  methods  for  the  first  purpose  alone 
there  is  little  to  be  said.  It  is  usually  only  the  easily  dried  species 
which  fall  under  this  heading,  and  the  quickest  and  most  economical 
way  of  evaporating  moisture  is  as  a  rule  the  method  called  for.  Of 
course,  it  must  not  be  one  which  will  injure  the  wood  to  any  extent. 
Ordinary  air-drying  will  accomplish  the  purpose,  but  may  not  prove  the 
most  economical  on  account  of  the  large  amount  of  lumber  which  must 
be  carried  in  stock  in  the  yards. 

In  order  to  hasten  the  rate  of  drying  application  of  heat  is  necessary, 
and  to  convey  this  heat  throughout  a  pile  of  lumber  requires  a  good 
circulation  of  air.  The  heat  is  supplied  either  by  a  furnace  or  more 
often  by  steam-pipes  in  the  kiln  itself,  and  the  circulation  is  accom- 
plished by  a  forced  draught  from  a  rotating  fan,  by  ventilation,  or  by 
gravity  currents  within  the  kiln. 

The  eflBciency  of  the  operation  as  well  as  the  rate  of  drying  increases 
with  increase  in  temperature.  Consequently  it  is  economical  to  run 
the  temperature  as  high  as  the  wood  will  stand.  Temperatures  above 
the  boiling  point  of  water  are  frequently  used  in  drying  softwoods  for 
this  purpose,  but  the  process  cannot  be  applied  to  rriost  hardwoods,  as 
they  will  check  and  shrink  too  greatly,  besides  being  injured  in  their 
toughness. 

In  the  kilns  operating  at  such  high  temperatures  the  practice  is  gen* 
erally  to  subject  the  lumber  first  to  free  steam  for  an  hour  or  longer, 
and  sometimes  the  steam  is  allowed  to  escape  into  the  air  during  the 
entire  process  of  drying.    This  is  done  in  order  to  supply  8u£Scient 


1 


234        PROCEEDINGS  OF  THE  SOCIETY  OP  AMERICAN  FORESTERS 

humidity  to  the  air,  as  even  the  easiest  woods  to  dry  are  apt  to  check 
and  case-harden  at  such  high  temperatures  if  the  air  is  too  dry. 

When  the  temperature  exceeds  212°  Fahrenheit  superheated  steam  at 
atmospheric  pressure  may  be  utilized  in  place  of  air.  In  fact,  a  high 
humidity  at  atmospheric  pressure  and  at  a  temperature  above  212°  can 
be  produced  only  by  superheated  steam,  since  the  pressure  of  water 
vapor  at  100  per  cent  relative  humidity  and  212°  F.  temperature  is 
equal  to  that  of  the  atmosphere,  and  consequently  the  water  vapor  will 
entirely  displace  the  air  under  these  conditions.  At  temperatures  above 
212°  and  atmospheric  pressure  the  humidity  must  be  less  than  satura- 
tion or  100  per  cent  (the  divisor  in  the  term  for  relative  humidity  nec- 
essarily remains  the  pressure  of  one  atmosphere,  which  is  the  pressure 
used  in  the  operation,  the  dividend  being  the  pressure  of  saturate  vapor 
corresponding  to  the  temperature  used). 

The  rapidity  with  which  softwoods  are  dried  at  these  high  tempera- 
tures is  truly  remarkable.  One-inch  Douglas  fir  is  now  being  dried  in 
many  cases  in  from  40  to  65  hours  at  average  temperatures  ranging  from 
183°  to  213°  F.  In  one  instance  known  it  is  being  dried  in  the  re- 
markably short  time  of  24  hours.  This  is  by  use  of  superheated  steam 
entering  the  kiln  under  forced  draught  at  300°  F.  In  this  case  the 
chamber  is  first  filled  with  saturate  steam  for  two  hours,  after  which 
the  temperature  is  raised  to  300°.  The  condition  of  the  product,  how- 
ever, was  found  to  be  far  from  uniform,  the  moisture  varying  from  2 
per  cent  on  the  outside  to  as  much  as  18  per  cent  in  the  middle  of 
the  pile. 

The  Douglas  fir  used  in  the  various  processes  referred  to  above  con- 
tained from  27  to  34  per  cent  moisture  when  it  was  put  into  the  kilns, 
and  was  reduced,  except  in  the  dpecial  case  cited,  to  from  4  to  10 
per  cent. 

This  result  is  secured  with  practically  little  or  no  loss  from  checking, 
warping,  or  discoloring.  There  is  little  question,  however,  but  that  the 
wood  is  rendered  brittle  by  this  excessive  treatment. 

Material  over  an  inch  thick  will  take  proportionately  longer  to  dry, 
and  when  3  or  4  inches  thick  there  is  danger  of  checking  even  with  the 
easiest  woods  to  handle. 

Except  in  the  case  of  the  24-hour  treatment,  the  operations  men- 
tioned were  conducted  in  tightly  closed  kilns  of  the  progressive  type, 
where  the  only  circulation  is  that  produced  internally  by  gravity 
currents. 

The  drying  of  most  species  of  softwoods  requires  a  considerably  longer 
time,  due  in  part  to  the  greater  amount  of  water  which  they  contain 
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while  green.  Some  species,  as  bull  pine  and  redwood,  are  discolored  or 
injured  by  too  high,  a  temperature  while  moist.  Others,  as  tamarack 
and  cypress,  warp  and  case-harden,  so  that  not  all  softwoods  are  ame- 
nable to  this  treatment. 

The  problem  of  reducing  shipping  weights  is  of  special  importance 
with  the  western  softwoods,  and  it  is  in  the  Northwest  where  these 
rapid-drying  methods  are  being  used  to  the  greatest  extent.  In  the 
East  spruce  is  shipped  by  water  directly  from  the  mills  in  the  green 
condition,  and  even  long-leaf  pine  is  shipped  from  the  South  without 
seasoning. 

As  most  of  the  western  softwoods  are  susceptible  of  this  forced  treat- 
ment without  serious  detriment,  the  problem  of  drying  wood  for  the 
purpose  of  reducing  its  shipping  weight  may  be  said  to  have  reached 
a  satisfactory  condition,  and  there  is  little  call  for  further  improve- 
ment here. 

Of  course,  in  dryng  for  reduction  in  weight,  other  things  are  accom- 
plished incidentally,  as  reduction  in  tied-up  capital,  reduction  in  hygro- 
scopicity  and  the  fixing  of  resin. 

Drying  for  the  Purpose  of  Ca/rrying  Less  Stock. 

The  second  problem,  that  of  hurrying  the  process  of  drying  in  order 
to  reduce  the  quantity  of  lumber  necessary  to  carry  in  stock  when 
allowed  to  simply  air-dry,  is  analogous  to  the  first  one,  and  is  of  course 
accomplished  in  any  case  where  the  wood  is  dried  in  a  kiln.  It  is  some- 
times applied  to  hardwoods,  but  generally  is  subordinate  to  the  third 
problem  discussed  below,  or  at  any  rate  it  depends  upon  the  possibility 
of  solving  either  the  first  or  third  problems.  It  will  be  unnecessary 
therefore  to  discuss  it  separately. 

Drying  Wood  to  Improve  its  Condition. 

The  third  problem  applies  to  most  of  the  hardwoods  and  some  of  the 
softwoods  also.  It  is  at  present  for  the  most  part  very  far  from  a 
satisfactory  solution,  and  is  likely  to  remain  so  in  many  cases  for  a 
long  time  to  come  on  accoimt  of  its  complexity.  The  problem  has  never 
yet  been  placed  on  a  scientific  basis  for  the  reason  that  so  little  is  known 
of  the  nature  of  wood  and  what  takes  place  internally  as  the  wood  dries. 
The  operations  moreover  have  never  been  placed  upon  even  a  uniform 
commercial  basis.  Methods  in  use  are  often  haphazard  and  vary  from 
one  extreme  to  the  other.  One-inch  hardwoods,  such  as  oak,  maple,  elm, 
hickory,  are  being  dried  under  various  conditions  at  temperatures  rang- 
ing from  65^  to  165^  F.  and  humidities  at  the  beginning  of  the  opera- 
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tions  varying  from  100  .per  cent  to  as  low  as  45  per  cent  and  doubtless 
in  many  immeasnred  cases  even  lower.  Hardwood  stock  is  usually  first 
air-dried  from  three  to  six  months  and  sometimes  three  years  before 
being  placed  in  the  kiln.  The  time  of  drj-ing  in  the  kiln  varies  from 
four  days  to  three  weeks  for  1-inch  boards,  and  for  3-inch  stock  from 
two  to  even  five  months.  In  some  cases  preliminary  stemming  is  used 
by  allowing  free  steam  to  flow  into  the  air  for  24  to  36  hours  at  tempera- 
tures of  lOO*"  to  160**  P. 

Eecently  the  operation  of  steaming  the  lumber  from  16  to  30  minutes 
at  a  pressure  of  15  or  20  pounds  is  coming  into  favor  for  certain  species 
of  hardwoods.  More  rapid  and  uniform  drying  is  claimed  to  follow 
such  treatment  whether  dried  in  the  air  or  in  the  kiln. 

Thus  it  is  clear  that  there  is  no  standard  method  in  use  for  drying 
hardwoods.  It  is  true  that  in  some  cases  satisfactory  results  are  being 
secured,  but  in  the  majority  there  is  at  least  some  improvement  to  be 
desired. 

The  trouble  may  lie  in  any  one  or  in  all  of  the  following  circum- 
stances :  Too  long  a  time  required ;  unequal  drying  in  different  parts  of 
the  pile;  non-uniform  drying  in  portions  of  the  same  stick — ^for  in- 
stance, the  outside  becomes  dry  while  the  inside  remains  moist;  case- 
hardening  and  honeycombing;  warping  and  checking;  discoloration; 
mildewing  and  sap-staining ;  injuring  the  mechanical  properties  by  cook- 
ing, making  it  brittle  or  brash ;  excessive  and  unequal  shrinkage. 

There  are  several  species  of  wood  which  have  not  as  yet  been  dried 
with  complete  satisfaction  in  any  kiln.  Among  these  are  red  and  black 
gum,  cypress,  swamp-grown  oaks,  and  very  thick  stock  of  all  heavy 
woods. 

Losses  through  Poor  Drying, 

The  loss  through  degrading  and  injury  done  in  drying  varies  con- 
siderably. Some  of  the  best  manufacturers  claim  no  loss  on  certain 
species;  others  1  to  3  per  cent,  and  in  difficult  wood,  as  gimi,  from  7 
to  10  per  cent. 

Very  often  bad  results  are  due  to  ignorance  of  the  fundamental  prin- 
ciples in  drying  wood  and  to  placing  a  man  with  little  or  no  technical 
training  in  charge  of  the  dry  kiln.  Frequently  the  engineer  who  runs 
the  boilers  and  engines  for  the  factory  has  charge  of  the  kihi ;  sometimes 
the  yard  foreman.  In  such  cases  the  results  as  a  rule  have  been  found 
to  be  poor.  Occasionally  a  skilled  man  with  technical  knowledge  has 
charge,  and  good  results  generally  follow. 
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Necessity  of  Hastening  the  Process  of  "Natural"  Air-drying, 

Altogether  too  little  attention  has  generally  been  given  to  the  part 
of  the  business  dealing  with  the  conversion  of  the  green  wood  into  the 
usable  dried  material.  Where  it  was  formeriy  practicable  to  carry 
enough  lumber  in  stock  to  allow  it  to  air-seasou  slowly  for  from  three 
to  five  years,  but  little  technical  attention  needed  to  be  paid  to  the  dry- 
ing process.  It  just  took  place  "naturally,"  as  is  frequently  said,  and 
if  carefully  piled  and  the  ends  painted  it  was  ultimately  in  excellent 
shape  for  working — ^what  portion  of  it  escaped  rotting.  In  some  cases 
the  losses  due  to  rotting  of  lumber  piled  to  air-dry  out  in  the  yard  is 
very  great.  For  the  finest  kind  of  material,  such  as  the  best  grade  of 
car  stock  and  for  ship-building  and  for  high-grade  cabinet-work,  air- 
dried  wood  is  still  preferred  to  that  in  which  the  process  has  been 
hurried  by  heat. 

When  the  call  for  lumber  is  so  great  that  to  carry  a  full  line  of  stock 
for  three  or  five  years  means  a  large  financial  loss  in  investment,  it  is 
well  worth  while  to  give  the  subject  of  ''forced'*  drying  the  technical 
consideration  which  it  deserves  as  much,  and  even  more  than,  any  other 
part  of  the  business.  This  fact  becomes  evident  when  one  considers 
that  the  quality  of  finished  product  depends  as  much  upon  the  process 
to  which  the  wood  has  been  subjected  in  drying  as  it  does  upon  the  ma- 
terial itself.  Defects  produced  in  the  drying  process  can  never  subse- 
*  quently  be  wholly  rectified.  A  good  drying  plant  is  an  asset;  a  poor  one 
a  liability. 

Desirability  of  Kiln-drying  to  Improve  the  Qtiality  of  the  Product  over 
Air-drying, 

Even  where  a  large  stock  can  be  conveniently  carried;  it  is  desirable 
for  some  purposes  to  kiln-dry  the  lumber.  Thorough  kiln-drying  re- 
duces its  hygroscopicity,  hardens  resinous  materials  and  gums,  thus  pre- 
venting them  from  exuding  and  causing  trouble  in  the  finished  product. 
In  some  species,  as  swamp-grown  oak,  air-drying  will  cause  serious 
checking,  and  in  others,  as  loblolly  pine,  sap  gum,  etc.,  rot  or  stain  is 
very  apt  to  occur  if  the  lumber  is  piled  to  air-dry  in  a  warm  climate. 

Reduction  in  Hygroscopicity  and  Swelling, 

In  order  to  show  what  reduction  in  hygroscopicity  and  consequently  in 
subsequent  swelling  and  warping  results  from  kiln-drying  as  compared 
to  air-drying,  the  following  table  is  given.  The  figures  are  taken  from 
a  series  of  tests  carried  on  five  or  six  years  ago  for  the  purpose  of  de- 
termining the  effect  of  various  processes  of  drying  upon  the  strength 
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of  the  wood.     The  test  specimens  were  of  two  kinds:  (1)  small  ones, 
2x2x6    inches,    for   the   compression   tests,    and    (2)    large  ones, 
2  X  1^4  X  30  inches,  for  bending  tests.     Discs  were  cut  across  the  blocks 
at  the  point  of  failure  and  the  moisture  content  determined.    Each 
figure  given  in  the  table  is  the  average  of  seven  specimens.     Three  sets 
are  given  for  each  treatment.     The  first  column  gives  the  species,  the 
letter  designating  the  treatment  and  the  final  average  temperature  at 
the  end  of  the  drying  process.     The  sets  of  seven  pieces  numbered  3 
were  simply  air-dried  and  used  as  a  check  to  which  to  compare  the  other 
two  sets.     Sets  numbered  4  were  first  air-dried  about  a  year,  then  kiln- 
dried  as  indicated,  and  finally  placed  aside  with  the  check  specimens  to 
air  for  a  year  or  more  longer.     Sets  numbered  5  were  soaked  from  the 
green  condition  the  same  length  of  time  that  sets  4  were  air-dried,  re- 
spectively, and  then  kiln-dried  together  with  sets  3  and  placed  aside  to 
air  with  the  others.     The  airing  took  place  in  the  open  under  a  shed 
on  the  north  side  of  a  building,  where  they  were  protected  from  sun 
and  storm.     The  comparative  tests  were  all  made  at  the  same  time. 
Thus  it  is  seen  that  the  results  shown  are  reliable  and  not  accidental  in 
any  respect.     The  comparative  specimens,  Nos.  3,  4,  5,  were  matched 
in  each  of  the  seven  series,  of  which  the  figures  shown  are  the  averages. 

Table  1. — Effect  of  Kiln-drying  upon  the  Subsequeni    Moisture  Condition  a* 

Compared  with  Simple  Air-drying. 

(Figures  are  moisture  per  cents  of  the  dry  weights) 


Species 


TreAiment  numb«r  and 
maximum  tempecntiire 
degr«4*8  F. 


WhiU  Ash 
A.  146*' 

Red  Oak 

A.  14.5*» 

B.  iro** 

C.  212« 

D.  274** 

LohloVy  Pine 

A.  145«  

B.  170°  

C.  208«  

D.  270«» 


I.  2x2x6  inchen 


Check 


Air-dried, 
No.  3 


14.9 


12.4 
12.4 
12.0 
12.6 


12.7 
14.3 
13.5 
13.9 


Kiln-dried 


Prerioualy 

air-drifd, 

No.  4 


13.8 


7.6 

10.6 

9.4 

8.9 


11.9 
12.2 
12.2 
10.9 


Previously 

soaked, 

No.  5 


13.7 


9.6 

10.6 

9.5 

9.9 


11.8 
12.5 
12.0 
12.1 


11.  2x1^x.H0inche8 


Check 

Kiln-dried 

Air-dried, 
No.  3 

Preriouily 

air-dried. 

No.  4 

PreTiou^ly 

s«»aked. 

No.  5 

15.0 


12.9 
13.3 
14.2 


13.4 


15.4 


13.0 


10.4 

9.5 

11.0 


12.3 


13.9 


13.4 


10.2 

9.8 

11  J 


12.2 
13.9 
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This  reduction  in  hygroscopicity  appears  to  be  a  permanent  change 
brought  about  by  some  chemical  change  in  the  wood  substance. 

Improvement  Possible  in  Drying  Hardwoods, 

Improvement  in  present  methods  of  drying  must  follow  chiefly  three 
paths:  in  reducing  the  time  of  drying;  in  reducing  losses  due  to  injury, 
as  checking,  warping,  staining,  and  unequal  shrinkage;  and  in  improv- 
ing the  quality  of  the  output. 

Before  taking  up  these  improvements  in  detail  I  will  give  a  brief  clas- 
sification of  present  methods  and  of  the  kinds  of  kilns  in  use  with  these 
methods. 

Classification  of  Present  Methods  of  Drying  and  Types  of  Kilns, 

In  all  cases  the  kilns  may  be  either  of  the  progressive  kind  or  of  the 
compartment  kind,  and  preliminary  steaming  may  or  may  not  be  used. 
In  the  progressive  kind  the  lumber  is  shoved  through  a  long  chamber, 
while  the  conditions  in  the  chamber  remain  constant,  usually  moist  at 
one  end  and  dry  at  the  other.  In  the  compartment  kind  the  lumber 
remains  stationar}%  while  the  conditions  are  changed  as  the  lumber 
dries. 

1.  Dry  Air.  Simply  a  hot  box  or  forced  draught  of  dry  air.  In  use 
with  other  materials,  but  now  obsolete  with  wood. 

2.  Moist  Air.  Attempt  is  made  with  more  or  less  success  to  retain 
a  large  amount  of  humidity  at  the  beginning  of  the  drying  operation. 

a.  Ventilating  Kilns,  or  "Natural-draught  Kilns,"  as  they  are  some- 
times called.  In  these  a  portion  of  the  moisture  evaporated  from  the 
lumber  is  returned  to  the  entering  air  by  a  suitable  arrangement  of  ven- 
tilators and  part  is  allowed  to  escape  to  the  outer  air. 

6.  Forcedrdraught  or  Blower  Kilns.  The  moisture-laden  air  is  in 
part  recirculated  by  means  of  a  blower  and  part  allowed  to  escape,  the 
proportion  of  each  being  regulated  by  dampers.  The  blower  may  act 
either  as  suction  or  as  compression,  drawing  air  out  or  forcing  it  into  the 
kiln. 

c.  Condensing  Kilns.  These  kilns,  if  well  constructed,  are  independent 
of  outside  atmospheric  conditions,  the  superfluous  moisture  being  re- 
moved by  some  kind  of  condenser,  either  in  a  compartment  within  the 
kiln  itself  or  in  a  separate  chamber,  and  the  same  air  is  recirculated. 
The  circulation  may  be  produced  either  by  gravity  currents  in  the  kiln 
or  bv  means  of  a  blower. 

The  condensing  kiln  is  the  most  modem  type  in  commercial  use  for 
drying  hardwood  lumber. 
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d.  Humidity'regulated  Kiln.  This  is  similar  in  principle  to' the  con- 
densing kiln  except  that  the  humidity  is  positively  controlled  at  all 
stages  of  the  operation.  So  far  as  known  the  only  kiln  of  this  kind 
is  the  one  invented  by  the  writer,  with  which  the  Forest  Service  has  been 
experimenting  for  the  past  two  years.  In  the  kiln  referred  to  increased 
circulation  of  the  air  is  induced  by  the  force  of  the  aprays  of  water  used 
in  the  humidity-regulating  chambers.  Theoretically  correct  drying  con- 
ditions can  be  obtained  with  this  kiln  (figure  1). 

e.  Oven  Kiln.  This  is  a  new  type  of  moist-air  kiln  recently  coming 
into  favor  in  the  Pacific  Northwest  for  drying  softwoods.  Essentially 
it  consists  of  a  chamber  nearly  air  tight  in  which  the  lumber  is  heated 
until  the  moisture  is  vaporized.  It  requires  a  temperature  above  the 
boiling  point  in  order  to  vaporize  the  moisture  at  atmospheric  pressure. 
When  properly  working  it  really  becomes  a  superheated  steam  kiln,  since 
the  air  must  be  expelled  by  the  water  vapor.  As  conditions  would  be 
saturate  at  212*^  F.,  evaporation  is  produced  by  the  superheat  above  this 
temperature,  or  by  direct  radiation  from  the  heaters.  If  ventilation  is 
allowed,  these  conditions  are  destroyed,  and  a  very  imperfect  form  of 
moist-air  kiln  is  the  result. 

A  temperature  as  high  as  255^  F.  has  been  used  with  success  on 
Douglas  fir.  These  kilns  are  not  suitable  for  hardwoods  on  account  of 
the  high  temperature  required. 

3.  Superheated  Steam.  The  air  is  completely  displaced  by  steam 
(vapor)  at  atmospheric  pressure,  and  evaporation  is  effected  by  super- 
heating the  steam,  or  superficially  by  radiation  from  the  heaters.  One 
peculiarity  of  this  process  is  that  no  matter  what  the  degree  of  super- 
heating used,  the  lumber  while  wet  must  remain  at  212°  or  very  slightly 
above  this  temperature.  As  the  wood  dries,  however,  its  temperature 
will  rise,  due  to  the  hygroscopicity  of  the  wood  substance  or  its  mois- 
ture-retentive force,  until  its  temperature  may  reach  very  nearly  that 
of  the  superheated  steam.  This  is  where  the  danger  lies,  as  the  super- 
heated steam  may  then  act  as  proportionally  low  relative  humidity  in 
the  air  and  cause  too  rapid  surface  drying.  Thus,  at  300®  P,  the  abso- 
lute pressure  of  saturate  vapor  is  67.1  pounds  per  square  inch^  but  the 
actual  pressure  of  vapor  present  is  only  14.7  pounds  (working  at  atmos- 
pheric pressure).  Therefore,  the  relative  humidity  is  14.7 -r- 67.1  = 
21.9  per  cent,  an  extremely  low  amount. 

The  only  medium  of  conducting  heat  to  the  wood  effective  for  evap- 
orating moisture  (other  than  by  direct  radiation  from  the  heaters)  is 
the  water  vapor,  and  it  is  evident  that  this  can  convey  only  as  much 
heat  to  produce  evaporation  as  it  contains  above  212°,  since  it  become 
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saturate  at  that  temperature  and  no  more  evaporation  is  possible. 
While  there  is  less  danger  of  checking  or  case-hardening  the  wood  on 
this  account  than  were  air  present  also  at  the  same  temperature,  the 
heating  capacity  is  less,  and  an  enormous  volume  or  an  excessive  degree 
of  superheating  is  required. 

It  is  evident,  moreover,  that  the  amount  of  evaporation  in  the  case 
of  superheated  steam  must  be  proportional  at  a  given  temperature  to  the 
rate  of  circulation,  always  a  bad  feature  in  drying  operations,  as  it 
causes  uneven  drying. 

The  high  temperatures  required  limit  the  application  of  superheated 
steam  to  certain  kinds  of  softwoods.  Vacuum  methods  have  been  tried 
to  reduce  the  temperature,  but  the  trouble  is  the  heating  medium  is 
thereby  also  reduced  and  the  operation  is  in  general  impracticable  on 
a  large  scale  on  account  of  mechanical  difficulties. 

4.  Preliminary  Steaming  in  Saturate  Steam.  This  is  not,  strictly 
speaking,  a  method  of  drying  in  itself,  but  may  form  part  of  almost  any 
dn'ing  operation.  It  has  come  into  considerable  prominence  of  late. 
It  consists  simply  in  treating  the  lumber  in  saturate  steam  from  atmos- 
pheric pressure  up  to  30  or  35  pounds  gauge  for  varying  lengths  of  time 
preliminary  to  drying.  The  length  of  time  in  practice  varies  from  ten 
minutes  to  several  hours,  according  to  the  pressure  used  and  the  pur- 
pose. This  differs  from  the  common  practice  of  allowing  free  steam  to 
escape  into  the  air  at  temperatures  less  than  212°,  usually  at  100°  to 
180°  F.,  and  for  24  to  36  hours,  which  merely  accomplishes  the  holding 
of  the  air  at  100  per  cent  humidity  during  this  time.  The  saturate- 
steam  or  pressure-steam  process  nu^y  be  used  together  with  any  of  the 
drying  methods  outlined  above,  or  it  may  be  followed  by  simple  air- 
drying.  Extravagant  claims  are  made  for  this  simple  treatment.  It 
appears  to  be  beneficial  with  certain  species,  as  red  gum,  etc.,  in  hasten- 
ing the  drying,  reducing  the  hygroscopicity,  fixing  the  gums  and  resins, 
and  in  darkening  the  color.  It  is  not  applicable  to  all  woods  nor  for 
all  purposes,  however.  Some  kinds,  as  oak,  will  open  up  numerous  fine 
checks  as  soon  as  removed  from  the  steam,  and,  where  the  strength  of 
the  wood  is  important,  steaming  is  detrimental  to  some  species  at  least, 
as  it  makes  the  wood  more  brittle.  , 

A  full  discussion  of  all  these  methods  and  types  of  kilns  would  be 
too  extensive  to  include  in  this  article,  but  the  outline  just  given  will 
suffice  for  further  discussion  of  possible  improvements.  Naturally  each 
manufacturer  claims  his  kiln  to  be  the  best,  and  to  be  theoretically  cor- 
rect in  principle.  Many  go  so  far  as  to  guarantee  specified  results  from 
their  kilns.     In  man}^  instances  these  results  are  not  being  obtained. 
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yet  it  is  probable  that  it  is  very  difficult  to  hold  a  manufacturer  to 
such  a  guarantee  on  account  of  all  the  variable  conditions  to  be  met  with. 

Absurd  Statements  Published  in  Dry-kiln  Catalogues, 

In  many  cases — in  fact,  in  most  of  the  cases — the  advantages  claimed 
by  the  promulgators  are  based  upon  erroneous  conceptions  or  upon 
superficial  details,  the  fundamental  principles  being  overlooked-  What 
success  has  in  a  measure  been  obtained  has  usually  been  by  a  long  series 
of  empirical  trials  or  by  accident. 

To  give  an  idea  of  the  absurdity  of  some  of  the  claims  made  by  dry- 
kiln  promulgators,  look  at  these  quotations  copied  from  their  recent 
catalogues : 

[Elements  composing  the  waste  material  in  a  tree]  "are  found  in 
greater  proportion  as  you  approach  the  center  of  the  tree,  where  they 
are  solidified  by  the  constricting  force  of  each  succeeding  year's  growth. 
.  .  .  For  this  reason  the  heart  edge  of  a  true  quarter-sawed  board 
will  shrink  more     .     .     .     than  the  sap  edge." 

"The  wood  fiber  or  skeleton  of  a  board  is  not  materiallv  affected  bv 
moisture,  but  if  the  spaces  between  the  fibers  are  filled  with  solidified 
sap  the  same  piece  of  lumber  will  be  extremely  sensitive  to  moisture." 

"The  natural  lines  of  the  fiber  will  be  distorted  by  the  pressure  of 
the  sap  globules  in  swelling,  while  in  shrinking  they  will  also  be  drawn 
in  various  directions  owing  to  the  unequal  distribution  of  sap  masses 
throughout  the  wood.     This  is  the  true  cause  of  crooked  lumber." 

"A  combination  of  steaming,  direct  radiation,  and  elimination, 
whereby  we  explode  the  sap  cells  [!],  dissolve  the  pigment,  acids,  and 
organic  matter,  and  extract  them  from  the  pores  of  the  lumber,  leaving 
only  the  solid  wood  fiber,  which  is  subject  to  neither  shrinkage  or  swell- 
ing to  an  appreciable  extent,  which  gives  to  the  lumber  we  dry  that 
characteristic  most  to  be  desired — permanency  of  dimensions." 

"It  is  a  law  of  nature  that  cold  air  will  rush  to  hot." 

"The  proper  amount  of  humidity  must  be  carried  in  the  drying  cham- 
ber    ...     to  explode  the  sap  cells    .     .     ." 

Apparatus  and  Construction  up  to  the  Standard. 

Improvements  in  apparatus  and  construction  have  been  carried  out  on 
a  much  better  basis, 'as  they  have  been  worked  out  by  engineers  upon 
well-known  principles.  Heating  systems,  trucks,  doors,  and  steaming 
chambers  can  all  be  obtained  of  an  excellent  character. 


J 
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The  Fundamental  Principles  of  Drying  Wood. 

Some  of  the  fundamental  principles  (we  do  not  know  them  all  as  yet) 
of  most  consequence  in  drying  refractory  lumber  are  these : 

(1)  Since  drying  must  take  place  from  the  surface,  this  should  not 
be  allowed  to  progress  any  more  rapidly  than  the  moisture  is  transferred 
from  the  center  outwardly;  otherwise  case-hardening  or  surface-check- 
ing must  occur. 

(2)  Moisture  in  wood  tends  to  transfuse  away  from  the  hot  towards 
the  colder  portions.  Consequently  it  is  important  that  the  wood  be 
uniformly  heated  through  to  the  center  before  any  surface  drying  takes 
place.  The  rate  of  transfusion  increases  as  the  temperature  is  raised; 
consequently  the  temperature  should  be  as  high  as  will  comport  with 
the  physical  requirements  of  the  wood  for  efficient  drying. 

(3)  Wood  becomes  soft  and  plastic  while  hot  and  moist,  some  species, 
such  as  oak,  redwood,  and  eucalyptus,  becoming  much  more  so  than 
others,  as  poplar  and  pine.  In  this  condition  their  tenacity  is  greatly 
reduced,  so  that  the  fibers  are  easily  pulled  apart  and  the  cells  them- 
selves often  collapse  and  separate  under  the  strains  brought  about  by 
shrinkage.  Consequently  the  maximum  feasible  temperature  to  which 
the  operation  can  be  pushed  must  be  governed  by  the  species  and  the 
condition  of  the  wood. 

(4)  The  shrinkage  of  hardwoods  is  greater  the  higher  the  temperature 
at  which  drying  takes  place  while  they  are  still  moist.  In  some  species, 
notably  eucalyptus  and  redwood,  the  thin- walled,  and  even  the  thick- 
walled,  cells  (fibers)  collapse  like  hollow  tubes  under  lateral  pressure 
when  drying  takes  place  at  too  high  a  temperature.  This  is  a  very 
significant  fact  and  one  not  well  known.  When  the  wood  becomes 
fairly  dry  and  the  fibers  become  stiff  or  "set,"  much  higher  temperatures 
may  be  used  without  producing  this  injurious  effect.  Hence  the  ad- 
vantages of  air-drying  certain  hardwoods  before  they  are  placed  in  the 
kiln.  This  is  also  the  reason  why  air-drying  is  sometimes  considered 
better  than  kiln-drying. 

This  and  the  preceding  paragraph  give  the  reasons  for  the  possible 
harmful  results  of  preliminary  steaming. 

(5)  The  drying  should  take  place  uniformly  over  the  entire  piece; 
otherwise  unequal  internal  stresses  are  produced  which  cause  the  stick 
to  warp  and  shrink  unequally,  as  it  yields  to  these  stresses  while  moist 
and  plastic. 

(6)  Thorough  drying  reduces  but  does  not  eliminate  the  hygro- 
scopicity  and  consequently  the  subsequent  swelling  and  shrinking  or 
"working,"  as  it  is  termed. 
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(7)  Too  much  or  too  severe  drying  produces  brittleness,  so  that  when 
the  wood  reabsorbs  moisture  from  the  air  it  is  not  so  strong  and  tough 
as  air-dried  material  or  that  which  has  been  more  gently  dried. 

(8)  Wood  will  absorb  or  lose  moisture  in  the  air  according  to  whether 
the  proportion  of  its  moisture-content  to  its  fiber-saturation  point  is 
less  or  greater  than  the  relative  humidity  of  the  surrounding  air. 

It  is  not  necessary  to  give  here  the  principles  governing  the  evapo- 
ration of  moisture.  One  fact,  however,  may  be  pointed  out  which  is 
likely  to  escape  notice:. that  the  lumber,  so  long  as  its  surface  is  moist, 
cannot  reach  the  temperature  of  the  surrounding  air  except  when  the 
air  is  saturated.  Its  temperature  in  fact  corresponds  to  that  of  the  wet 
bulb  of  a  wet-and-dry-bulb  hygrometer. 

In  order  to  conduct  the  drying  operation  in  accordance  with  these 
physical  principles  the  following  factors  need  to  be  taken  care  of: 

(a)  The  lumber  should  be  heated  clear  through  before  drying  begins. 
This  can  be  accomplished  by  preliminary  steaming  or  by  heating  first 
in  a  high  relative  humidity,  sufficiently  high  to  prevent  evaporation. 

(6)  The  air  should  be  kept  humid  at  the  beginning  and  reduced,  as 
the  wood  dries,  at  such  a  rate  that  the  transfusion  of  the  moisture 
through  the  wood  itself  keeps  pace  with  the  rate  of  drying  at  the  sur- 
face, so  the  wood  does  not  case-harden  nor  check.  If  checking  begins 
it  indicates  too  low  a  humidity  and  that  drying  is  proceeding  too 
rapidly. 

(c)  The  temperature  of  the  lumber  should  be  maintained  uniform 
at  all  points  and  be  as  high  as  the  particular  species  of  wood  will  endure 
without  causing  the  injurious  effects  already  explained.  For  this  pur- 
pose a  very  large  circulation  of  air  is  desirable,  even  more  than  would 
be  necessary  for  simply  evaporating  the  moisture. 

(d)  Control  of  the  rate  of  evaporation  must  be  effected  by  regulating 
the  relative  humidity  in  the  air  and  not  by  reducing  the  circulation. 
Where  the  humidity  is  low  and  the  rate  of  drying  is  held  in  check  by 
reducing  the  draught,  non-uniform  drying  is  inevitable.  The  rate  of 
evaporation  in  this  case  is  governed  by  the  amount  of  heat  given  to  the 
wood  by  the  moving  air,  and  wherever  this  varies  in  amount  the  rate 
of  drying  will  vary.  Throughout  a  load  of  wood  it  is  practically  im- 
possible to  maintain  an  equal  velocity  of  air  in  contact  wiith  every  por- 
tion of  the  lumber.  Consequently,  when  the  humidity  is  too  low  and 
circulation  is  unequal,  poor  drying  is  inevitable. 

On  the  other  hand,  if  the  circulation  is  sufficient  at  all  points  to 
impart  to  the  wood  all  the  heat  required  for  evaporation,  thus  main- 
taining its  temperature  uniform,  and  if  the  rate  of  evaporation  is  con- 


IMPROVING   MKTIIODS  OF  KILN-DRYING  LUMBER  245 

trolled  by  the  relative  humidity  in  the  air,  then  the  rate  of  drying  is 
independent  of  the  circulation  so  long  as  it  exceeds  the  minimum  amount 
requisite,  and  uniform  dr}^ing  results.  If  the  humidity  is  of  the  proper 
amount,  excessive  circulation  does  no  harm  to  the  wood,  as  it  will  not 
increase  the  rate  of  drying,  but  it  may  use  up  an  unnecessary  amount 
of  heat  and  energy  and  thus  cut  down  the  mechanical  efSciency  of  the 
kiln.  Excessive  circulation  is,  therefore,  to  be  avoided^  but  it  is  better 
to  have  too  much  than  too  little. 

Ideal  drying,  therefore,  is  dependent  upon  (1)  ample  circulation  and 
(2)  control  of  humidity  at  the  proper  temperature  for  the  species  in 
question.     These  are  the  most  important  factors  in  the  drying  of  wood. 

(e)  The  degree  of  dryness  attained,  when  strength  is  of  prime  im- 
portance, should'  not  exceed  that  at  which  the  wood  is  likely  to  remain 
in  use,  but  when  shrinkage  and  swelling  are  of  first  consideration  it 
should  be  carried  to  as  great  a  degree  as  possible  and  subsequently  be 
brought  back  to  the  condition  under  which  the  wood  is  to  be  used  by 
exposure  to  the  air  before  the  lumber  is  manufactured. 

No  Kiln  on  the  Market  Fulfills  All  These  Conditions, 

Practically  perfect  drying  is  possible  in  a  kiln  in  which  these  con- 
ditions can  be  fulfilled.  In  some  cases,  however,  it  might  not  be  prac- 
ticable for  financial  reasons  to  atteiript  to  carry  out  such  a  system.  No 
kiln  on  the  market,  so  far  as  known,  fulfills  all  these  ronditions. 

Probably  the  nearest  approach  to  this  ideal  kiln,  of  any  on  the  market, 
is  the  condenser  type,  in  which  a  pipe  condenser  is  placed  in  a  narrow 
flue  on  the  side  of  the  drying  chamber  and  the  air  is  recirculated  by 
natural  draught  brought  about  by  alternate  heating  and  cooling.  This 
type  still  lacks  the  principle  of  direct  humidity  control,  and  the  cir- 
culation is  dependent  upon  gravity  effect  alone. 

It  seems  strange  that  heretofore  the  principle  of  direct  humidity  con- 
trol has  not  been  applied  to  the  dry  kiln  for  lumber. 

A  Humidity-regulated  Dry  Kiln. 

It  is  in  this  feature  primarily  that  the  kiln  designed  by  the  writer* 
differs  from  the  condenser  kilns  now  on  the  market.  In  place  of  the 
pipe  condenser  is  used  a  series  of  sprays  of  water,  the  temperature  of  the 
water  being  regulated  to  produce  any  desired  humidity,  f     The  same  air 


•  U.  S.  Patents  1,019,743,  March  5,  1912,  and  1,019,909,  March  12,  1912. 

t  In  order  to  secure  freedom  from  numerous  patented  humidity-controlling 

devices  a  new  system  was  worked  out  and  patents  secured  therefor,   No. 

963,832,  July  12,  1910,  and  No.  961,818^  January  17, 1911. 
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FiauRE  1.— Section  Through  Tiemann  Humldity-controUed  Dry  Siln 
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is  recirculated,  the  spray  being  separated  therefrom  by  suitable  bafiBe 
plates.  The  force  of  the  spray,  moreover,  helps  to  increase  the  gravity 
circulation. 

Description  of  the  Tiemann  Humidity-controlled  Dry  Kiln, 

Figure  1  is  a  representative  cross-section  of  this  kiln.  The  air  leav- 
ing the  bottom  of  the  side  spray  chambers  is  in  a  saturated  condition. 
It  then  passes  under  and  up  through  the  heating  coils,  where  its  tem- 
perature is  raised  to  whatever  degree  is  required  in  the  heating  chamber. 
Now,  the  temperature  of  the  saturated  air  as  it  leaves  the  bottom  of 
the  spray  chambers  is  the  dew-point  of  the  air  after  it  has  been  sub- 
sequently heated  by  the  steam  coils.  Thus  by  changing  the  tempera- 
ture of  the  dew-point  any  desired  humidity  may  be  obtained  in  the 
drying  chamber.  This  is  accomplished  by  simply  regulating  the  tem- 
perature of  the  spray  water. 

The  temperature  of  the  drying  chamber  is  controlled  by  a  thermostat 
acting  on  the  steam  main.  For  a  wider  range  of  temperatures  a  re- 
ducing valve  is  placed  on  the  steam  supply,  high-pressure  steam  being 
used  and  reduced  to  any  pressure  required.  The  temperature  of  the 
spray  water  is  automatically  controlled,  and  most  of  it  is  recirculated  by 
a  pump. 

Theoretically  the  eflBciency  of  this  kiln  is  much  greater  than  that 
of  a  ventilating  kiln  working  under  the  same  conditions  of  humidity 
and  temperature.  Practically,  however,  it  is  hardly  possible  to  reach 
the  conditions  for  the  best  theoretical  eflBciency,  as  there  is  apt  to  be  an 
excess  circulation  of  air  which  reduces  the  efficiency  correspondingly. 
The  practical  working  efficiency  has  not  yet  been  determined  experi- 
mentally. A  noteworthy  feature  is  that  all  of  the  heat — ^both  the  latent 
heat  of  evaporation  from  the  lumber  and  that  required  for  heating  the 
circulating  air — is  taken  up  by  the  spray  water.  In  this  way  it  all 
reappears  in  the  temperature  of  the  overflow  except  that  which  is  lost 
through  radiation  through  the  ceiling,  end  doors,  and  floor.  Not  much 
is  lost  through  the  side  walls  on  account  of  the  spray  chambers.  This 
kiln  is  practically  independent  of  outside  atmospheric  conditions.  The 
last  remark  is  true  also  of  other  types  of  condensing  kilns. 

Experiments  with  this  kiln  have  been  carried  out  for  the  past  two 
winters  at  Berkeley,  Cal.,  in  drying  eucalyptus  wood.  The  practica- 
bility of  the  operation  has  been  substantiated  in  these  experiments  and 
the  principles  discussed  have  been  established.  Further  improvements, 
however,  are  being  made  in  the  mechanical  construction  and  means  for 
operating.    The  humidity  control  was  found  to  check  up  satisfactorily 
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with  that  actually  obtained,  and  the  circulation  was  found  to  be  about 
800  cubic  feet  per  minute  for  every  foot  length  of  the  kiln,  at  a  tem- 
perature of  about  160°  P. 

A  small  kiln  of  this  kind  is  now  in  operation  at  the  Forest  Products 
Laboratory  at  Madison,  Wis. 

There  are  three  disadvantages  in  the  practical  use  of  this  kiln  as 
compared  with  a  common  ventilating  kiln  with  natural  draught.  These 
are  the  somewhat  more  complicated  construction,  the  general  difficulty 
of  taking  care  of  the  spray  of  water  in  the  side  chambers,  and  the 
greater  skill  needed  in  properly  regulating  the  humidities.* 

In  deciding  upon  installing  such  a  kiln  the  question  to  be  decided 
is  whether  the  advantages  gained  in  better  quality  of  product  or  quicker 
drying  are  worth  the  extra  expense.  Over  the  pipe-condenser  type  there 
is  one  mechanical  advantage  in  that  there  is  not  the  series  of  condenser 
pipes  to  rust  out. 

It  is  probable  that  further  simplifications  in  the  construction  and 
operation  will  be  made,  so  that  these  objections  will  be  largely  over- 
come. Greater  care  in  operation,  however,  must  go  hand  in  hand  with 
improvement  of  the  product.  But  little  care  is  required  to  push  lumber 
through  a  progressive  hot  box  and  take  it  out  at  the  other  end,  and  if 
the  result  justifies  the  means  there  is  little  left  to  be  desired.  But 
where  better  drying  is  called  for,  as  in  other  things,  more  care  and 
skill  must  be  given  to  the  operation. 

Principles  Ooveming  the  Selection  of  a  Kiln. 

The  many  points  to  be  considered  in  deciding  upon  a  dry  kiln  may  be 
summarized  in  the  following  classification: 

1.  The  Purpose  of  Drying: 

a.  For  reduction  in  weight  only,  with  ealsily  dried  species. 

b.  For  decreasing  the  amount  of  stock  necessary  to  be  held  in  the 
yard. 

c.  For  improving  the  quality  of  the  product. 

d.  In  order  to  utilize  some  refractory  wood  which  cannot  be  satis- 
factorily air-dried. 

e.  To  prevent  stain,  rot,  and  to  "kill"  volatile  materials,  as  gums  and 
resins. 

/.  To  prepare  the  wood  for  some  special  use,  as  for  subsequent 
bending. 


[^  Also  blgher  cost  of  installation. — JQd.] 
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2.  Species  to  be  Dried: 

a.  Easily  dried  conifers,  requiring  no  special  care. 

b.  Woods  which  dry  readily,  but  require  care. 

c.  Refractory  woods  which  require  extreme  care,  as  white  oak,  for 
example. 

d.  Woods  which  ordinarily  cannot  be  satisfactorily  air-dried,  such  as 
red  gum. 

3.  Permamency  of  Plant,  and  its  Relationship  to  Other  Factories  and 

Buildings. 

In  some  cases  the  cheapest  kind  of  a  kiln,  consisting  of  little  more 
than  a  wooden  room  with  steam  pipes  on  the  floor,  would  be  the  most 
economical ;  in  others  a  simple  room,  either  of  wood  or  brick,  with  some 
means  of  retaining  part  of  the  humidity  either  by  closing  up  tight  or 
by  recirculation;  and  in  still  others,  where  the  species  to  be  dried  will 
stand  high  temperatures,  a  substantially  built  room  fitted  for  carrying 
temperatures  above  the  boiling  point,  or  for  forced  draught  and  super- 
heated steam,  would  be  called  for.  In  many  cases,  however,  not  any 
of  the  foregoing  classes  would  answer  the  purpose,  and  in  such  cases 
more  complicated  systems  of  operation  are  necessary.  It  may  often 
^happen  that  the  initial  outlay  is  altogether  an  insignificant  considera* 
tion  provided  satisfactory  results  can  be  obtained,  and  this  is  where  the 
humidity-regulated  kiln  is  of  greatest  application.  Such  cases  may  arise 
from  either  of  two  causes :  first,  from  the  superior  quality  of  the  product 
desired,  as  wagon  and  car  stock,  fine  furniture  and  interior  finishing, 
musical  instruments,  etc. ;  second,  where  the  woods  are  exceedingly  diffi- 
cult to  dry,  even  by  long  air-seasoning  due  to  warping  and  checking,  and 
are  of  little  value  unless  well  dried.  The  value  of  the  wood  depends 
largely  upon  the  drying  operation.  As  examples  of  such  woods  may  be 
mentioned  red  gum,  swamp-grown  oak,  cypress,  eucalyptus,  etc. 

By  proper  drying  it  is  probable  that  many  hitherto  considered  inferior 
species  may  be  made  to  serve  the  purpose  of  kinds  becoming  scarce. 
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Southern  Appalachians.    D.  W.  Adams  and  W.  W.  Ashe. 
1913. 
January       9.  Open  Meeting.    Recent  and  Prospective  Advances  in  State  For- 
estry. 

(a)  Advantages  that  would  accrue  to  the  State  of  New 
York  by  permitting  the  sale  of  timber  from  the  forest 
preserve.    C.  R.  Pettis. 

(6)  Vermont's  reforestation  policy.    A.  F.  Hawes. 

(c)  Results  achieved  in  the  operation  of  Massachusetts 

reforestation  law.    F.  W.  Rane. 

(d)  The  acquisition  and  use  in  Wisconsin  of  State  forest 

reserves.    E.  M.  Griffith. 

January     23.  Open  Meeting.     Symposium:  Forest  Types. 

(a)  Basis  for  the  classification  of  forest  types. 

(b)  Value  of  forest  types  in  land  classification. 

(c)  Value  of  forest  types  in  reconnaissance. 

(d)  Forest  types  and  quality  classes. 

Discussion  by  S.  T.  Dana,  H.  S.  Graves,  W.  B.  Greeley, 
D.  T.  Mason,  Barrington  Moore,  T.  T.  Munger,  G.  A. 
Pearson,  F.  G.  Plummer,  F.  I.  Rockwell,  H.  L. 
Shantz,  C.  R.  Tillotson,  Karl  Woodward. 

February     6.  Open  Meeting.    Suggestions  for  a  Plan  of  Taxing  Growing  Tim- 
ber.   Prof.  F.  R.  Fairchild. 

February  20.  Annual  Executive  Meeting. 

March        13.  Open   Meeting.     Future  Utilization  and  Marketing  of   Forest 

Products.    R.  S.  Kellogg. 

How  Can  We  Make  Our  Stumpage  More  Valuable?    H.  F.  Weiss. 

April  3.  Open  Meeting.    The  Nation  and  the  States  in  Forestry.    Gifford 

Plnchot  and  Henry  S.  Graves. 

April  17.  Special  Executive  Meeting. 

May  1.  Open  Meeting.     Progress  in  Forest  Planting  on  the  National 

Forests.    W.  B.  Greeley. 

Darwinism  in  Forestry.    Raphael  Zon. 
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In  fl>emoriam:  fre^  (Borbon  IMummer 

-The  Society  of  American  Foresters  has  lost  one  of  its  most  active  and 
valuable  members  through  the  death,  on  August  Ify,  1913,  of  Fred  Gordon 
Plummer,  geographer  of  the  Forest  Service.  He  was  a  constant  attendant 
at  the  meetings  of  the  Society  ahd  seldom  failed  to  inject  a  new  light  Into 
its  discussions.  His  vein  of  humor  was  always  in  evidence  and  the  points 
which  be  made  were  often  clothed  with  a  piquant  or  whimsical  expression 
which  greatly  increased  their  effectiveness. 

He  made  many  .valuable  additions  to  forest  literature  and  wrote  the 
earliest  descriptions  of  many  of  the  National  Forests  of  Washington,  Or^^n, 
Arizona,  New  Mexico,  and  California.  A  partial  list  of  his  published  writ- 
ings on  forestry  includes : 

Chaparral;  studies  in  the  dwarf  forests,  or  elfin-wood,  of  southern 
California :  Forest  Service  Bulletin  85. 

Forest  Fires;  their  causes,  extent  and  effects,  with  a  summary  of 
recorded  destruction  and  loss:  Forest  Service  Bulletin  117. 

Forest  Types ;  analysis  and  synthesis  of  the  term  from  a  geographic 
standpoint :  Proceedings  of  Society  of  American  Foresters,  April,  1913. 

The  Growing  of  Eucalsrptus:  Proceedings  of  Society  of  American 
Foresters,  1910. 

Lightning  in  Relation  to  Forest  Fires :  Forest  Service  Bulletin  111. 

Report  on  Calaveras  Groves  of  Big  Trees,  California :  U.  S.  60th 
Confi^ss,  1st  Session — House. 

Mr.  Plummer  at  the  time  of  his  death  was  working,  in  cooperation  with 
Mr.  Graves,  on  a  statistical  circular  which  would  cover  the  forest  resources 
of  the  whole  country. 

Probably  his  greatest  work  for  the  cause  of  forestry  consisted  in  laying 
a  sure  foundation  for  the  graphic  representation  of  forest  activities  and 
resources  of  all  sorts.  This  was  accomplished  in  the  Forest  Service  Atlas, 
a  monumental  work  of  many  volumes,  which  Includes  not  only  the  topo- 
graphic data  usually  associated  with  maps,  but  a  wealth  of  diagrammatic 
and  tabular  information  as  well,  which  make  it  the  best  thing  of  its  kind 
in  the  worldL  All  future  history  of  the  forestry  movement  in  the  United 
States  must  invariably  come  to  this  source  for  the  beginnings  of  a  great  deal, 
of  its  information.  His  unusual  genius  showed  particularly  on  the  Forest 
Atlas,  which  represents  his  foresight,  his  large  outlook,  and  his  enthusiasm. 

His  colleagues  in  the  profession  always  found  it  an  inspiration  to  work 
with  Plummer,  and  they  recognize  in  him  what  the  future  will  even  more 
recognize — one  of  th^  real  builders  of  forestry  in  this  country. 

Mr.  Plummer's  reputation  as  a  geographer  carried  him  into  fields  wider 
than  those  covered  by  the  Forest  Service  Atlas.  He  was  a  member  of  the 
United  States  Geographic  Board,  and  its  chairman,  Mr.  Henry  Gannett,  has 
paid  tribute  to  his  great  value  in  the  work  of  that  Board. 

As  a  man  he  shone  pre-eminent.  His  strong  individuality  and  lovahle 
character  gave  him  a  unique  place  in  personal  relations  with  his  fellow-men, 
just  as  his  ability  and  industry  gave  him  prominence  in  his  profession.  It 
is  probable  that  to  those  who  knew  Plummer  as  a  friend,  his  scientific  attain- 
ments, broad  as  they  were,  seemed  only  secondary,  so  great  and  so  winning 
was  the  personality  of  the  man.  His  good  humor  was  unfailing  and  he 
radiated  a  spirit  of  kindliness  and  of  thoughtfulness  for  others.  As  with 
all  men  of  character,  however,  he  had  strong  likes  and  dislikes  and  never 
surrendered  to,  or  temporized  with,*  that  which  he  conceived  to  be  wrong. 
Plummer's  great  capacity  for  friendship  has  been  summed  up  by  D.  D. 
Bronson,  his  closest  personal  associate  in  the  Forest  Service : 

"We  who  have  been  Plummer's  co-workers  in  the  Forest  Service  and  in 
other  scientific  lines,  while  we  will  remember  him  as  a  scientist,  as  a  pliil- 
osopher,  as  a  worker,  as  a  helper,  and  as  a  splendid  man  and  tboroogh 
gentleman,  will  also  remember  him  as  our  friend,  and  the  memory  of  Fred 
Plununer  will  encourage  us  in  our  endeavors  and  aid  us  in  our  efforts. 
While  our  loss  is  great,  we  may  be  sure  that,  in  the  words  of  the  song,  'His 
soul  goes  marching  on.' 
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REFORESTATION  ON  THE  NATIONAL  FORESTS 

BY   WILLIAM  B.  GREELEY 

Delivered  before  the  Society  May  i,  1913 

I  will  attempt  in  this  paper  simply  a  brief  resume  of  the  reforestation 
work  on  the  National  Forests.     Figures,  bone  dry  like  the  standard 
weight  of  wood  pulp,  are  of  but  incidental  value  in  such  a  discussion  and 
will  be  avoided  as  far  as  practicable.    It  will  be  of  greater  profit  to  sum- 
marize the  more  distinctive  features  of  the  reforestation  work  of  th'e 
Service,  emphasizing  a  few  things  which  in  a  broad  perspective  stand 
out  as  specific  accomplishments  or  form  the  more  interesting  contribu- 
tions from  this  work  of  the  Service  to  American  forestry.    It  will  be  a 
statement  of  problems  and  difficulties  fully  as  much  as  one  of  results. 
In  a  review  of  the  reforestation  work  of  the  past  ten  years  on  National 
Forests,  three  general  stages,  representing  fundamental  differences  in 
policy,  are  apparent.     The  first  was  the  attempted  afforestation,  in  re- 
sponse to  local  needs  for  wood  or  cover  of  lands  below  the  timber  belts, 
notvrithstanding  the  climatic  and  other  difficulties  to  be  overcome.     In 
fact;  with  genuine  American  grit  and  sportsmanship,  the  most  difficult 
localities  were  undertaken  first,  like  the  Nebraska  sandhills,  the  chaparral 
slopes  of  southern  California,  and  treeless  or  practically  treeless  water- 
sheds in  Arizona  and  New  Mexico.    Repeated  efforts  were  made  to  solve 
the  problems  of  afforestation  where  the  need  of  it  was  most  critical; 
hence,  under  practically  the  most  adverse  conditions  existing  on  any  por- 
tions of  the  National  Forests.    With  the  hindsight  of  ten  years^  experi- 
ence, it  is  readily  apparent  that  a  large  part  of  the  work  attempted 
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against  such  obstacles  as  the  prolonged  drought  and  intense  heat  of  the 
southern  California  summer  was  necessarily  doomed  to  failure,  and  that 
it  would  have  been  preferable  to  develop  successful  methods  and  learn 
their  limitations  upon  more  favorable  areas  first  before  attacking  lands 
where  forests  were  never  produced  by  nature.  Yet  the  final  success  of 
the  plantations  in  the  Nebraska  sandhills,  after  years  of  unremitting 
effort,  go  a  long  way  toward  justifying  the  faith  aiid  perseverance  of  our 
planting  pioneers. 

The  second  stage  in  the  reforestation  work  of  the  Service  was  marked 
by  an  *effort  to  cover  large  areas  annually,  chiefly  by  the  direct  sowing  of 
tree  seed.  In  accordance  with  the  personal  convictions  of  Secretary 
Wilson,  the  cautious  policy  previously  followed  as  to  the  scale  of  work 
and  of  expenditures  was  abandoned.  In  his  belief  that  the  denuded  lands 
in  the  National  Forests  could  be  restocked  rapidly  and  cheaply  by  direct 
seeding,  the  Department  embarked  upon  the  policy  of  extensive,  rather 
than  experimental,  operations,  with  the  purpose  of  reforesting  the  treeless 
lands  in  the  National  Forests  within  a  given  period  of  time.  Secretary 
Wilson  himself  said  that  the  work  ought  to  be  done  in  50  years.  Opera- 
tions were  therefore  organized  on  a  scale  of  from  25,000  to  30,000  acres 
annually,  over  three-fourths  of  which  was  to  be  seeded  directly. 

Whatever  criticism  may  be  justly  made  of  this  policy,  the  eflfort  to 
which  it  committed  the  Forest  Service  has  had  many  distinct  advantages. 
It  definitely  made  reforestation  the  work  of  the  whole  Service,  rather 
than  of  a  handful  of  devoted  and  somewhat  despised  specialists.  It 
brought  the  entire  field  force  of  the  National  Forests  to  bear  on  reforesta- 
tion ;  it  woke  them  up  to  its  importance ;  it  aroused  their  interest  and  set 
their  minds  to  work  on  the  problems  involved.  A  hundred  interesting 
illustrations  of  this  awakened  interest  and  energy  in  the  rank  and  file  of 
the  Service  could  be  cited.  A  ranger  in  Montana  invents  a  seed-thresh- 
ing machine,  patterned  after  the  grain  threshers  of  his  former  acquaint- 
ance. A  timber  cruiser  has  invented  an  improved  seed-planter,  made  up 
of  a  rake  for  shallow  cultivation  with  a  hollow  handle  for  holding  and 
dropping  the  seed.  Reconnaissance  crews  map  and  report  the  areas 
adapted  to  planting,  as  a  resource  to  be  included  in  their  inventory  of  a 
forest  in  importance  equal  or  almost  equal  to  the  forties  of  mature  Doug- 
las fir  or  yellow  pine  timber.  In  a  word,  the  Service  has  been  equipped 
in  the  most  effective  way,  through  training  and  interesting  its  entire 
personnel,  to  conduct  this  work  in  the  future  on  almost  any  scale  which 
may  be  desired. 

Secondly,  the  Forest  Service  learned  rapidly,  under  forced  draught, 
much  about  technical  and  administrative  methods  which  would  otherwise 
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have  come  slowly.  The  cheap  extraction  and  storage  of  seed  on  a  large 
scale^  the  best  season  and  methods  of  sowing,  the  handling  of  rodents, 
the  organization  and  equipment  of  field  planting  crews,  the  routine  of 
accounting,  the  systematizing  of  records  and  reports,  inspection,  and 
other  features  of  administrative  control — in  these  and  similar  matters 
the  Service  has  forged  ahead  by  great  strides  because  of  the  necessity  of 
handling  a  large  volume  of  work,  even  although  not  adequately  prepared 
for  it. 

Finally,  as  I  shall  discuss  more  fully  a  little  later,  this  effort  of  the 
past  four  years  has  accomplished  something  real  and  definite  in  the 
actual  reforestation  of  denuded  lands. 

Its  serious  defect  has  been  the  expenditure  of  large  sums  for  this  work 
before  certainty  of  results  was  assured.  It  has  not  been  unlike  ordering 
a  thousand  fiying  ships  before  being  sure  that  the  model  would  fiy.  The 
scale  of  work  attempted  has  also  been  too  great  for  the  resources  of  the 
Service  and  has  necessitated  some  sacrifice  in  meeting  more  urgent,  im- 
mediate demands,  particularly  the  development  of  the  most  effective  fire 
protection.  Furthermore,  the  pressure  to  turn  out  a  large  acreage  each 
year  necessarily  dominated  the  work  and  prevented  as  much  and  as  thor- 
ough experimentation  as  was  needed  to  adequately  develop  technical 
methods. 

The  policy  of  the  Forest  Service  is  now  undergoing  changes  in  this 
regard  which  are  sufficiently  fundamental  to  mark  the  entrance  of  a 
third  stage.  In  this  stage  the  emphasis  will  be  placed  primarily  upon 
the  experimental  phases  of  reforestation,  with  the  primary  object  of  de- 
veloping sound  and  certain  methods  applicable  within  reasonable  limits 
of  control,  as  the  first  essential,  and  thereby  to  equip  the  Service  for 
future  work  on  as  extensive  a  scale  as  our  organization  and  resources  will 
justify,  with  certainty  as  to  its  results.  The  Investigative  Program  of 
the  Forest  Service  for  1912  contained  86  distinct  projects  dealing  with 
various  phases  of  reforestation,  and  the  program  for  the  present  calendar 
year  contains  157  such  projects.  These  are  aside  from  the  areas  of  more 
than  experimental  size  which  will  be  seeded  or  planted,  and  indicate  the 
thoroughness  and  scope  of  the  experimental  work  which  is  to  be  done  as 
the  corner-stone  of  our  reforestation  policy. 

At  the  same  time  the  Forest  Service  recognizes  the  necessity  for  a 
definite,  progressive  restocking  of  denuded  lands  within  the  National 
Forests.  Congress  and  the  people  expect  it;  and  Secretary  Wilson  was 
absolutely  right  in  his  position  that  the  Service  should  go  aggressively 
after  concrete  results  in  acres  reforested.  The  policy  of  extensive  work 
will  therefore  be  continued,  but  on  a  more  moderate  scale,  or  approxi- 
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mately  20,000  acres  annually,  as  determined  by  what  we  can  do  well  with 
the  funds  and  the  organization  available,  under  the  methods,  whatever 
they  may  be,  which  have  been  found  best  adapted  to  each  site.  The 
choice  of  technical  methods  will  be  governed  wholly  by  the  actual  results 
of  former  experiments.  The  development  of  our  nursery  equipment  is 
giving  us  much  greater  freedom  than  hitherto  in  the  selection  of  methods. 
Direct  seeding  will  be  continued  where  it  has  been  found  successful; 
elsewhere  it  will  be  discarded  and  the  work  restricted  to  field  planting 
until  a  cheaper  method  of  equal  success  may  be  developed  by  experiment 
The  scale  of  work  attempted  in  any  District  or  National  Forest  will  be 
enlarged  or  reduced  as  the  actual  results  may  indicate  that  we  are  or  are 
not  ready,  with  the  methods  as  yet  developed,  to  undertake  those  par- 
ticular areas  with  reasonable  certainty  as  to  the  outcome.  Thus  in  Dis- 
trict 3  and  District  5,  reforestation  for  the  present  will  be  conducted  on 
an  experimental  scale  only,  and  the  major  work  will  be  restricted  to 
other  Districts  where  past  results  warrant  operations  on  a  larger  scale. 

Including  the  reseeding  and  planting  of  fail  places,  the  work  of  the 
Forest  Service  up  to  January  1,  1913,  covered  a  total  of  81,730  acres; 
65,740  acres  of  this  aggregate  were  seeded  and  15,990  acres  planted  with 
nursery  stock. 

Direct  Seeding 

With  this  general  introduction,  I  wish  to  take  up  certain  phases  of  the 
reforestation  work,  discussing  first  direct  seeding;  second,  nursery  work 
and  planting,  and  concluding  with  a  brief  comparison  of  the  results 
obtained  under  these  two  methods. 

Our  staple  tree  in  direct  seeding  has  been  western  yellow  pine  in  its 
native  timber  belts.  The  great  bulk  of  the  area  seeded  has  been  with 
this  species  in  its  northeastern  range  on  the  Black  Hills,  Sioux,  and 
Custer  National  Forests;  in  its  northern  range  in  western  Montana  and 
central  Idaho,  and  in  the  timber  belts  dominated  by  this  species  in  Colo- 
rado, Utah,  California,  and  the  Southwest.  Second  in  scale  of  impor- 
tance comes  the  seeding  of  Douglas  fir,  first,  on  the  west  slope  of  the 
Cascades  and  Coast  ranges  of  Oregon  and  Washington;  and,  secondly, 
along  the  backbone  of  the  Rocky  Mountains.  The  third  species  in  amount 
of  use  is  lodgepolo  pine,  which  has  been  sown  extensively  throughout  the 
central  and  northern  Rocky  Mountains.  Sugar  pine  in  northern  Cali- 
fornia, particularly  in  the  brush  fields,  into  which  forested  areas  have 
been  turned  as  the  result  of  repeated  fires ;  Idaho  white  pine  on  the  bums 
of  northern  Idaho,  red  pine  in  the  Michigan  sand  plains,  and  red  oak 
and  walnut  on  the  moist  ranges  of  western  Oregon  and  northern  Idaho 
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are  the  other  principal  commercial  species  native  to  the  United  States 
which  have  been  extensively  used  in  this  work.'  Under  the  pressure  to 
obtain  seed  quickly  at  a  time  when  the  supply  of  American  seed  obtain- 
able was  wholly  inadequate  for  the  scale  of  operations  demanded,  the 
Service  turned  with  some  reluctance  to  European  species.  Austrian 
pine  was  sown  on  the  Black  Hills  and  on  dry  sites  in  Colorado  and  Utah. 
Norway  spruce  Was  tried  extensively  in  the  high  timber  belts  of  the 
southern  Eockies,  home  of  the  Engelmann  spruce,  and  on  moist  areas  in 
the  western  Cascades.  European  larch  and  Scotch  pine  were  tested  on 
large  areas  in  western  Oregon  and  Washington,  and  the  latter  in  small 
quantities  on  the  central  Rocky  Mountain  forests  and  in  the  Michigan 
pineries,  and  last  but  not  least  maritime  pine  was  thickly  sown  on  barren, 
sandy  areas  in  the  Florida  National  Forest. 

The  first  duty  of  the  Forest  Service  was  to  develop  an  organization, 
tools,  and  methods  which  would  sow  these  tons  of  seed  cheaply,  with  the 
maximum  amount  of  pains  possible  under  our  limitations  as  to  funds 
and  field  organization  available  for  this  work.  This  has  been  partly  a 
question  of  weighing  the  respective  merits  as  to  cost  and  results  of  broad- 
cast seeding  without  preparation  of  the  ground,  broadcasting  on  lande 
harrowed  or  roughly  scarified  by  other  methods,  and  planting  in  spots 
with  varying  degrees  of  preliminary  working  of  the  soil.  It  has  been 
partly  also  a  problem  of  organized  and  systematic  seed  collection  and 
extraction  under  the  best  conditions  for  obtaining  cheap  seed.  It  has 
been  chiefly,  however,  a  problem  of  good  business  organization,  of  the 
handling  of  labor  usually  in  inaccessible  districts  and  in  all  sorts  and  con- 
ditions of  weather,  of  the  construction  of  trails,  of  the  establishment  and 
provisioning  of  camps  and  the  maintenance  of  good  foremanship  in  the 
direction  of  the  work.  In  this  phase  of  the  problem,  that  of  handling  a 
large  volume  of  work  at  a  low  and  in  fact  steadily  reducing  cost,  the 
Service  has  made  a  distinct  record  of  eflSciency.  Extensive  cultivation 
of  the  ground  preliminary  to  seeding,  by  harrowing,  disking  or  rougher 
methods  approaching  these,  had  to  be  discarded  on  a  general  scale  on 
account  of  their  excessive  cost.  With  this  exception,  however,  the  meth- 
ods employed  have  become  more  rather  than  less  intensive  and  broad- 
casting or  spotting  without  preliminary  working  of  the  soil  has  been 
almost  wholly  discontinued.  Yet  the  cost  of  the  work  has  been  steadily 
reduced. 

During  the  last  two  fiscal  years  the  average  cost  of  direct  seeding,  in- 
cluding seed,  rodent  poisoning,  and  preparation  of  the  ground,  has  been 
$4.08  per  acre  and  $4.10  per  acre  respectively.  The  work  of  the  calendar 
year  1912  was  done  for  an  average  cost  of  $3.86  per  acre  in  District  1, 


266         PROCEEDINGS  OF  THE  SOCIETY  OF  AMERICAN  FORESTERS 

where  the  largest  areas  were  handled,  bringing  its  average  down  to  $2.37. 
The  earlier  work  in  direct  seeding  cost  the  Service  from  $6  to  $11  per 
acre.  In  practically  every  District  there  has  been  a  progressive  reduc- 
tion in  cost  as  the  organization  has  been  perfected  in  all  of  its  parts. 

Now  for  the  obstacles  which  have  been  encountered.  Probably  the 
most  serious,  first  and  last,  is  the  destruction  of  seed  by  rodents.  It  has 
been  made  clear  by  the  exceedingly  effective  work  of  the  Biological  Sur- 
vey and  observation  of  many  individual  experiments  that  thorough  and 
repeated  poisoning  in  advance  of  seeding  is  essential  to  any  measure  of 
success  except  on  recent  bums  where  extensive  forest  fires  have  done  the 
work  of  the  poisoning.  Various  poisoned  grains  have  been  found  effective 
if  distributed  over  the  tracts,  at  least  twice  at  intervals  of  two  or  three 
weeks,  before  the  tree  seed  is  sown.  Each  area,  however,  is  a  problem  in 
itself,  requiring  close  study  of  the  mammals  present,  their  natural  foods, 
their  habits  as  to  seasons  of  hoarding,  and  the  like.  One  thorough  poi- 
soning in  Montana,  for  example,  proved  ineffective  apparently  because 
the  grain  was  scattered  during  the  hoarding  season  of  the  particular 
rodents  infesting  the  area,  and  was  promptly  carted  off  to  add  to  the 
season^s  stores  instead  of  being  eaten. 

Poor  germination  is  the  second  of  the  major  difficulties  encountered 
in  direct  seeding.  This  bears  a  direct  relation  to  the  wet  and  dry  sea- 
sons of  the  Western  States  and  hence  to  the  time  of  year  when  seed  is 
sown.  As  a  general  rule,  fall  seeding  has  been  the  most  successful.  With 
several  months  of  rain,  snow,  and  frost  heaving  to  work  it  into  the 
ground,  the  seed  has  the  best  chance  for  early  germination  in  the  follow- 
ing spring.  Many  actual  tests  show  that  fall-sown  seed  germinates  as  a 
rule  from  four  to  six  weeks  earlier  than  seed  which  is  sown  when  the 
ground  is  exposed  in  the  spring.  The  young  seedlings  are  thereby  en- 
abled to  secure  the  maximum  benefit  of  the  wet  season  in  root  growth, 
and  hence  to  fortify  themselves  for  the  hard  struggle  with  their  first 
summer  drought,  the  most  critical  period  in  their  entire  life.  The  method 
of  sowing  is  another  factor  of  primary  importance  in  securing  good  ger- 
mination. In  general,  some  method  of  cultivation  whereby  the  seed  is 
worked  into  loose  mineral  soil  and  covered  has  been  found  essential.  A 
comparison  of  results  from  a  series  of  seedings  in  District  2  forms  an 
interesting  illustration  of  this  point.  Broadcasting  seed  without  prepara- 
tion of  the  ground  gave  a  success  of  10  per  cent;  broadcasting  on  the 
snow,  17  per  cent;  thrusting  into  the  ground  with  corn-planters,  25  per 
cent;  broadcasting  on  harrowed  soil,  27  per  cent,  and  planting  in  worked 
seedspots,  36  per  cent.  The  results  of  our  past  work  have  been  so  con- 
clusive that  seeding  without  some  form  of  rough  cultivation  is  now  prac- 
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tically  abandoned.  The  great  majority  of  the  seed  is  now  planted  on 
small  spots  where  the  soil  is  worked  loose  by  rake  or  mattock. 

After  successful  germination,  the  great  danger  which  lies  in  wait  for 
the  luckless  seedling  is  parching  during  its  first  summer's  drought.  Suc- 
cess or  failure  in  weathering  this  critical  period  is  often  due  to  the  cli- 
matic peculiarities  of  the  individual  season.  Wet  springs  yield  high 
percentages  of  success,  while  scarcely  no  seedlings,  either  naturally  or 
artificially  sown,  can  pull  through  such  a  spring  as  that  of  1910.  Aside 
frpm  this  factor  of  variable  climate,  which  is  beyond  human  control,  loss 
from  death  during  the  first  dry  season  can  be  prevented  in  part  by  the 
forester.  It  is  directly  related  to  the  selection  of  planting  sites,  their 
elevation,  aspect,  and  location  with  reference  to  the  natural  zone  of  the 
species  used.  It  is  affected  directly  by  the  amount  of  protective  cover,  in 
the  form  of  weeds,  dead  timber,  or  down  logs  on  burns,  brush,  advance 
growth  of  aspen,  and  the  like.  Our  men  are  learning  that  to  restock  suc- 
cessfully by  direct  seeding  they  must  utilize  every  advantage  of  this  char- 
acter, however  minute,  which  will  give  the  little  seedling  or  group  of 
seedlings  that  much  more  help  in  holding  its  own  during  the  first  sum- 
mer. This  is  one  of  the  fine  points  of  the  game.  It  applies  not  only  to 
the  selection  of.  planting  sites  at  the  outset,  which  is  of  fundamental  im- 
portance, but  to  the  location  of  the  individual  spots.  Wherever  a  log,  a 
bush,  a  mound  of  earth,  or  the  like,  will  afford  a  little  protection,  the 
north  or  east  side  of  that  little  projection  is  the  place  to  stick  the  corn- 
planter  or  rake  the  spot. 

We  are  appreciating  also  more  and  more  the  limitations  upon  the  selec- 
tion of  species.  With  the  exception  of  small  plots  of  Scotch  and  Austrian 
pine  in  the  Eocky  Mountain  States  and  the  sowings  of  maritime  pine  in 
Florida,  European  species  have  failed  signally  in  coping  with  the  rigor- 
ous summer  climate  of  most  of  the  National  Forests.  This  is  especially 
true  of  the  large  sowings  of  Norway  spruce,  European  larch,  and  Scotch 
pine  made  in  western  Oregon  and  Washington ;  and  we  are  restricting  the 
choice  of  native  species  more  and  more  closely  to  the  hardier  trees  of 
the  specific  locality,  even  if  of  secondary  present  commercial  value.  With 
our  experience  with  all  of  the  difficulties  to  be  overcome,  we  are  realizing 
more  and  more  that  adaptation  to  the  site  conditions  is  the  first  essential, 
and  that  relative  economic  value  is  secondary.  Some  of  the  more  de- 
spised trees,  like  lodgepole  pine,  in  parts  of  the  Rocky  Mountain  Dis- 
tricts are  thus  coming  into  their  own  because  their  hardy  qualities  and 
ability  to  overcome  adverse  conditions  are  worth  more  to  us  than  the 
greater  commercial  value  of  possible  competitors  for  selection,  like  yellow 
pine. 


268         PROCEEDINGS  OF  THE  SOCIETY  OF  AMERICAN  FORESTERS 

Some  reforestation  by  direct  seeding  has  been  successful  in  every  Dis- 
trict. Areas  restocked  with  yellow  pine  by  this  method  may  now  be 
found  on  the  Blackfeet,  Lolo,  and  Bitterroot  Forests  in  western  Mon- 
tana, on  the  Jefferson  and  Deerlodge  in  central  Montana,  on  the  Black 
Hills  in  South  Dakota,  and  on  a  number  of  Colorado,  Utah,  and  southern 
Idaho  Forests.  Stands  of  Douglas  fir  and  lodgepole  pine  have  been  suc- 
cessfully established  on  scattered  areas  throughout  the  Kocky  Mountains, 
extending  from  central  Montana  to  southern  Colorado  and  westward  over 
portions  of  Utah  and  Idaho.  A  few  successful  sowings  of  Pacific  Coast 
Douglas  fir  have  been  made  on  the  Olympic  and  Siuslaw  Forests.  Bed 
oak  and  walnut  are  being  grown  on  the  Coeur  d'Alene  in  Idaho  and  on 
the  Siuslaw  near  the  Oregon  coast.  Some  of  the  white-pine  seedlings  in 
western  Montana  are  making  a  good  showing,  and  the  same  can  be  said 
of  a  few  very  small  areas  of  sugar  pine  in  northern  California.  One  of 
the  most  successful  and  interesting  pieces  of  work  is  a  200-acre  tract  of 
maritime  pine  successfully  grown  by  this  method  on  the  Ocala  Division 
of  the  Florida  National  Forest. 

The  per  cent  of  successful  reforestation  by  direct  seeding,  based  on  a 
minimum  stand  of  200  trees  per  acre,  varies  between  the  National  Forest 
Districts  from  about  7  to  about  30  per  cent.  The  work  done  in  1912 
alone  in  one  District  gives  indications  to  date  of  60  per  cent  of  successful 
stands.  While  no  accurate  approximation  is  possible,  a  close  analj^sis  of 
the  results  reported  by  the  respective  Districts  indicates  that  of  all  of  the 
direct  seeding  done  by  the  Forest  Service  between  15  and  20  per  cent  has 
been  reasonably  successful. 

The  significant  feature  of  this  record  is  that  the  successful  areas  are 
by  no  means  restricted  to  the  most  favorable  sites,  where  soil  and  climatic 
conditions  are  most  propitious.  On  the  contrary,  aside  from  California 
and  the  Southwest,  the  poorest  results  have  been  obtained  where  we 
would  expect  the  best,  in  the  favorable  climatic  zones  of  the  Northwest. 
The  best  results  have  been  obtained  in  southern  Idaho,  Utah,  Colorado, 
and  South  Dakota,  including  many  sites  which  in  comparison  with  the 
deep  soils  and  heavy  precipitation  of  western  Montana  and  the  western 
slopes  of  the  Cascades  would  be  rated  as  distinctly  unfavorable. 

I  attribute  this  discrepancy  partly  to  the  accident  of  good  and  bad 
seasons,  and  partly  to  the  varying  degrees  with  which  the  factors  of 
rodents,  quality  of  seed,  methods  and  time  of  sowing,  and  the  like,  have 
been  worked  out  and  brought  under  control.  Unquestionably,  rodents 
alone  are  accountable  for  fully  half  of  the  list  of  failures. 

Obviously,  the  whole  story  has  not  yet  been  told.  If  we  can  grow  yel- 
low pine  by  direct  seeding  in  the  Black  Hills,  there  is  no  fundamental 
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reason  why  we  cannot  grow  Douglas  fir  by  the  same  method  on  the  moist 
slopes  of  the  western  Cascades.  Our  past  results  are  not  conclusive  as 
showing  that  direct  seeding  is  a  failure.  On  the  contrary,  they  have 
shown  that  under  the  right  combination  of  conditions,  both  under  and 
beyond  human  control,  forests  can  be  established  by  direct  seeding 
throughout  the  greater  part  of  the  total  area  under  our  administration. 
Our  problem  is  now  to  ascertain  by  more  intensive  work  on  a  smaller 
scale  how  often  that  necessary  combination  of  factors  can  be  practicably 
attained ;  to  reduce  the  uncertainties  and  variables  as  far  as  may  be  pos- 
sible to  certainties ;  to  bring  the  various  factors  under  control,  and  hence 
to  define  the  exact  limits  within  which  this  method  of  forestation  should 
continue  to  be  used. 

The  past  work  in  direct  seeding  has  therefore  simply  blazed  out  a  few 
main  lines.  The  work  must  be  restricted  to  the  most  favorable  sites  in 
each  locality,  usually  to  fresh  burns  well  within  the  timber  belts  on  cool 
aspects  or  at  relatively  high  elevations.  Only  the  hardier  native  species 
best  adapted  to  successful  growth  under  the  local  site  conditions  should 
be  used.  Eodents  must  be  eliminated,  either  by  recent  fires  or  by  re- 
peated poisoning  before  the  seed  is  sown.  Fall  planting  in  loosely  worked 
ground  is  usually  essential;  and  after  all  this  has  been  done,  success 
is  subject  to  the  hazard  of  exceptional  drought  during  the  following 
summer. 

Within  these  broad  limits,  it  will  be  the  future  work  of  the  Service  to 
define  much  narrower  and  more  exacting  limits  adapted  to  each  locality. 
This  is  primarily  a  problem  for  intensive  experimentation ;  and  our  di- 
rect seeding  in  the  future  should  be  restricted  much  more  closely  to  an 
experimental  basis  until  the  practicability  of  effective  control  of  the 
many  variables  entering  into  the  problem,  and  hence  the  future  use 
which  the  Service  should  make  of  this  method  of  forestation  can  be 
determined. 

Nurseries  and  Field  Planting 

The  nursery  equipment  of  the  Forest  Service  has  been  gradually  de- 
veloped to  a  point  nearly  if  not  entirely  adequate  for  our  needs  during 
many  years  to  come.  With  a  total  of  24  nurseries  and  something  over  30 
million  seedlings  and  transplants  of  various  ages,  the  Service  is  now  pre- 
pared for  the  first  time  to  give  the  use  of  nurser}^-grown  stock  the  em- 
phasis which  it  should  have  in  our  reforestation  work  as  a  whole. 

Three  different  types  of  nurseries  have  been  developed  at  different 
stages  in  the  reforestation  work  of  the  Service.  The  first  I  will  call  the 
experimental  nursery,  run  at  a  capacity  of  300,000  plants  annually  or 
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less^  in  a  region  where  planting  is  conducted  on  a  small  or  experimental 
scale,  or  where  from  the  location  of  the  nursery  but  a  restricted  area  of 
plantable  land  is  within  access.  This  is  the  type  of  nursery  character- 
istic of  the  formative  stages  of  our  reforestation  work  in  any  given  re- 
gion, when  things  are  conducted  on  a  small  scale  and  reforestation 
methods  and  policies  are  being  cautiously  developed. 

The  second  type  is  a  larger  nursery,  producing  from  one  to  three  mil- 
lion plants  annually,  developed  after  planting  has  reached  a  somewhat 
definite  basis  on  a  larger  scale  in  the  group  of  forests  surrounding  the 
nursery.  The  size  of  such  nurseries  permits  better  equipment,  better- 
paid  personnel,  and  reduced  unit  costs  of  the  planting  stock  produced. 

The  third  type  is  the  ranger  nursery,  smallest  of  the  three,  turning 
out  but  a  few  thousand  plants  annually.  It  is  interesting  to  recall  the 
conditions  and  point  of  view  which  led  to  the  establishment,  in  1905  and 
1906,  of  a  large  number  of  such  nurseries.  It  was  partly  as  a  measure 
of  education  to  arouse  the  interest  of  the  rank  and  file  on  the  Forests  in 
reforestation.  Behind  it  also  were  strong  technical  and  administrative 
arguments,  based  upon  experience  in  many  European  forests.  Chief 
among  these  is  the  advantage  of  producing  planting  stock  locally,  with 
local  seed  and  under  soil  and  climatic  conditions  as  nearlv  identical  as 
possible  with  those  to  be  encountered  in  the  final  transplanting.  Quick 
transportation  to  the  planting  sites  is  another  obvious  gain,  while  from 
the  standpoint  of  cost  it  was  hoped  by  this  means  to  produce  planting 
stock  at  a  material  net  saving  through  utilizing  the  spare  time  of  the 
regular  personnel. 

The  success  of  the  ranger  nursery  depended  entirely  upon  the  ranger- 
Nine  men  out  of  ten  were  not  yet  ready  for  it.  The  tenth  man,  who 
was  a  lover  of  the  soil  and  of  growing  things,  was  ready  for  it  and  on 
him  the  effort  was  not  wasted.  A  number  of  rangers  of  this  type  have 
with  the  right  kind  of  help  developed  excellent  little  nurseries,  meeting 
closely  the  ideals  in  mind  when  this  movement  was  initiated.  Some  of 
the  best  stock  grown  anywhere  in  the  Service  has  been  produced  in  small 
quantities  at  these  nurseries,  and  some  of  the  best  results  in  plantations 
have  been  secured  in  this  wav. 

The  middle-sized  or  experimental  nursery,  too  big  for  a  ranger  and 
too  small  to  employ  the  time  of  a  planting  expert  profitably,  necessarily 
means  high  cost  of  stock  produced.  The  large,  well-equipped  nursery 
under  good  supervision,  supplying  a  large  tributary  area  with  stock  pro- 
duced at  low  unit  costs,  has  seemed,  therefore,  to  be  the  logical  develop- 
ment as  the  planting  work  becomes  standardized  in  each  region.  The 
great  bulk  of  our  nursery  operations  are  now  centered  at  such  establish- 
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ments.  I  am  not  at  all  sure,  however,  that  there  will  not  be  a  distinct 
place  in  the  future  work  of  the  Service  for  the  ranger  nursery  supplying 
a  small  area  with  home-grown  stock  produced  within  itself.  Our  men 
are  ready  for  it  from  experience  and  education  in  this  work  as  they  were 
not  seven  years  ago.  Probably  some  expansion  in  our  administrative 
organization  will  be  necessary  before  any  considerable  number  of  rangers 
could  undertake  nurseries  in  addition  to  the  multitude  of  other  duties 
which  now  devolve  upon  them.  Looking  far  ahead,  however,  I  venture 
to  prophesy  that  the  ranger  nursery  shifting  as  the  areas  to  be  planted 
shift  will  find  a  distinct  place  in  the  organization. 

Five  medium-sized  and  large  nurseries  and  seven  ranger  nurseries, 
with  a  total  minimum  capacity  of  7,000,000  plants,  are  distributed 
throughout  the  Rocky  Mountain  region.  Their  product  is  made  up 
largely  of  the  staple  commercial  species  of  this  region — ^lodgepole  pine, 
Douglas  fir,  Engelmann  spruce,  and  yellow  pine.  One  large  nursery  and 
one  ranger  nurser}^,  with  a  total  capacity  of  about  3,000,000  plants,  sup- 
ply the  upper  Columbia  drainage  in  Montana  and  northern  Idaho,  their 
chief  products  being  western  white  pine,  yellow  pine,  and  larch.  Two 
large  nurseries  and  one  ranger  nursery  are  located  in  the  Northwest 
Coast  belt.  Their  capacity  is  2,000,000  plants,  chief  among  which  is 
Douglas  fir.  One  experimental  nursery  only  is  maintained  in  northern 
California  for  the  sugar-pine  belt,  producing  some  250,000  plants  an- 
nually for  purely  experimental  work  with  sugar  pine,  white  fir,  and  other 
characteristic  species  of  the  region.  Three  experimental  nurseries  have 
been  continued  in  the  yellow-pine  belt  of  the  Southwest,  including  south- 
em  California,  to  work  out  on  a  small  scale  and  under  intensive  methods 
the  extremely  difficult  reforestation  problems  of  that  region ;  and  three 
nurseries  of  varying  size,  producing  annually  2,300,000  plants,  to  supply 
yellow,  Jack,  and  Norway  pine  and  other  species  for  the  Forests  in  Kan- 
sas and  Nebraska.  This  system  of  nurseries  covers  practically  all  of  the 
National  Forest  regions  and,  by  enlarging  its  scale  of  operations,  can 
fill  the  demands  for  stock  created  by  almost  any  future  increase  in  re- 
forestation work. 

Fully  as  essential  as  the  completion  of  our  nursery  equipment  has 
been  the  standardizing  of  nursery  costs  and  their  reduction  to  a  point 
which  will  make  the  use  of  nursery  stock  on  an  extended  scale  sound  and 
practicable  from  a  business  standpoint.  This  has  to  a  very  large  degree 
been  accomplished  and  it  constitutes  another  essential  foundation  stone 
in  the  reforestation  of  denuded  lands  in  the  National  Forests  viewed  in 
the  broad. 
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For  the  fiscal  year  1911  the  Forester  reported  that  a  large  part  of  the 
nursery  stock  used  cost  from  $8  to  $10  per  thousand  plants.  During  the 
last  calendar  year  the  standard  species  and  age  classes  were  grown  in 
nearly  all  of  the  larger  nurseries  for  less  than  $3  per  thousand  plants. 
The  average  cost  of  all  of  the  stock  used  in  District  4,  mostly  of  the  2-0 
and  1-1  classes,  was  $2.38  per  thousand.  The  same  District  produced 
two-year  seedlings  of  yellow  pine,  exclusive  of  distribution  costs,  for  82 
cents  per  thousand  plants  and  two-year  seedlings  of  Douglas  fir  for  76 
cents.  The  average  cost  of  the  stock  grown  at  the  Monument  Nursery  in 
Colorado  was  $2  per  thousand  plants  and  one  of  its  standards,  1-1  yellow 
pine,  was  grown,  exclusive  of  distribution  costs,  for  $1.19.  2—1  Douglas 
fir  was  produced  at  the  same  nursery  for  costs  ranging  from  $2.06  to 
$2.67  per  thousand  plants.  Idaho  white  pine,  for  many  years  one  of  the 
hardest  and  most  expensive  trees  to  handle  in  the  nursery,  is  now  being 
grown  at  the  Sa venae  Nursery  in  western  Montana  at  $1.33  per  thousand 
trees  for  two-year  seedlings  and  $2.99  for  transplants.  All  of  these  costs 
include  prorated  charges  for  overhead  expenses,  improvements,  and  main- 
tenance of  the  nursery.  The  reduction  in  nursery  costs  is  the  largest 
factor  in  bringing  down  the  total  cost  of  plantations,  and  hence  in  mak- 
ing field  planting  feasible  on  a  general  scale. 

Substantial  progress  in  nursery  practice,  particularly  in  the  elimina- 
tion of  losses,  lies  behind  this  gratifying  reduction  in  the  cost  of  the 
product,  and,  furthermore,  are  yielding  better  and  stronger  plants.  Fall 
sowing  has  been  adopted  at  many  of  the  nurseries,  where  it  has  been 
found  to  result  in  earlier  germination  by  a  month  or  a  month  and  a  half 
and  correspondingly  larger  stock  at  the  end  of  the  first  growing  season. 
This  has  also  proved  the  solution  of  nearly  every  case  of  obstinate  germi- 
nation. Much  has  also  been  accomplished  in  hardening  stock  throng 
reduced  shade  and  water,  so  as  to  adapt  it  in  advance  to  the  conditions 
which  must  be  encountered  after  transplanting. 

Intensive  study  of  nursery  rotations  has  shown  that  for  many  of  the 
more  favorable  sites,  particularly  where  yellow  pine  is  used,  a  large  meas- 
ure of  success  can  be  obtained  with  two-year  seedlings,  avoiding  the  cost 
of  transplanting  in  the  nursery  altogether.  Some  of  the  larger  nurseries 
in  District  4  are  now  operated  on  this  basis.  An  interesting  phase  of 
this  method  is  the  grading  of  nursery  stock.  With  a  given  equipment  of 
nursery  ground  and  improvements  and  the  minimum  number  of  men 
required  in  any  event  to  maintain  the  nursery,  it  is  the  policy  to  grow 
the  maximum  number  of  seedlings  which  can  be  produced  under  these 
conditions.  The  product  may  then  exceed  the  stock  which  can  be  used 
in  plantations  by  30  or  40  per  cent,  but  this  excess  is  disposed  of  by 
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grading  down  the  plants  and  utilizing  only  the  best  60  or  70  per  cent. 
The  total  cost  is  no  more  than  it  would  have  been  had  but  the  60  or  70 
per  cent  been  grown  at  the  outset,  and  the  average  quality  is  materially 
improved.  A  number  of  experiments  with  yearling  yellow-pine  seedlings 
have  proved  successful,  and  it  is  possible  that  very  cheap  plantations  can 
be  established  on  the  most  favorable  sites  with  stock  of  this  age  and 
species.  Similar  experiments  with  all  other  species  have  been  failures. 
With  these  exceptions,  the  results  obtained  indicate  the  desirability  of 
continuing  two-year  stock,  once  transplanted,  as  the  general  standard 
and  of  adding  a  third  year  in  either  the  seedling  or  transplant  beds, 
which  increases  the  cost  but  very  slightly  and  adds  greatly  to  the  strength 
of  the  plant.  Supervisor  Koch  advocates  a  JL-2  rotation  for  western 
white  pine,  and  if,  as  the  past  results  at  the  Savenac  Nursery  indicate, 
such  stock  can  be  produced  for  under  $3  a  thousand  the  plan  should 
prove  of  decided  advantage. 

The  tale  of  results  of  National  Forest  plantations  is  a  wholly  different 
one  from  that  of  the  seeded  areas.  An  analysis  of  the  returns  available 
indicates  that  stands  have  been  successfully  established  on  not  less  than 
76  per  cent  of  the  acreage  planted;  and  this  is  true  with  remarkable 
uniformity  over  a  very  large  number  of  the  National  Forests  where  stock 
has  been  planted,  with  the  exception  of  the  arid  parts  of  the  Southwest. 
The  success  of  many  of  the  plantations  is  striking,  particularly  in  view 
of  the  adverse  conditions  in  the  same  locality  which  have  rendered  direct 
seeding  so  uncertain.  A  yellow-pine  plantation  on  the  west  side  of  the 
Crater  National  Forest  in  Oregon,  on  an  area  where  direct  seeding  was 
almost  a  total  failure,  now  has  over  91  per  cent  of  thrifty  seedlings. 
Douglas-fir  plantations  on  Mount  Hebo  in  the  Siuslaw,  where  direct 
seeding  has  given  extremely  variable  and  uncertain  results,  range  froni 
72  to  100  per  cent.  Eighty-two  per  cent  has  been  obtained  with  yellow 
pine  on  the  pumice  soils  of  the  Deschutes,  where  direct  seeding  failed 
utterly,  and  from  65  to  83  per  cent  with  yellow  pine  on  the  Wliitman  and 
Malheur  Forests,  on  areas  where  seeding  resulted  in  a  success  of  from 
5  to  20  per  cent.  Perhaps  the  most  striking  of  all  is  a  series  of  planta- 
tions on  the  Pike  National  Forest  in  Colorado,  conducted  since  1910, 
and  covering  a  total  of  345  acres,  where  every  plantation  has  been  suc- 
cessful. 

With  the  increasing  success  of  National  Forest  plantations  has  come  a 
material,  although  not  yet  adequate,  reduction  in  their  cost.  This  has 
been  due  largely  to  the  decreased  cost  of  growing  stock  in  the  nurseries. 
Other  economies  have  been  effected  in  planting  in  the  field,  particularly 
by  the  concentration  of  plantations  on  relatively  few  areas,  where  the 
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work  can  be  conducted  under  the  best  conditions  and  with  the  most  com- 
petent supervision.  For  the  fiscal  year  1911  the  average  cost  of  our 
plantations  was  $19.66  per  acre.  For  1912  the  average  dropped  to  $11.05 
per  acre  for  all  species  and  to  $10.73  for  conifers,  which  formed  the 
great  bulk  of  the  species  used.  During  the  calendar  year  1912  as  a  whole 
recent  reports  received  from  the  Districts  indicate  a  further  drop  in  the 
average  total  cost  of  the  plantations,  including  the  cost  of  nursery  stock, 
to  $9.90  per  acre.  The  record  at  District  1  in  this  respect  is  rather 
typical.  In  1909  and  1910  the  work  by  seasons,  considering  each  spring 
and  fall  as  a  distinct  season,  ranged  between  $13.15  and  $35.40  per  acre. 
The  plantations  in  the  spring  of  1911  cost  $12.75  per  acre  and  in  the 
fall  of  the  same  year  $7.50.  In  1912  the  work  was  done  for  $6.75  and 
$7.36  for  spring  and  fall,  respectively. 

The  practicability  of  reforesting  the  greater  part  of  the  denuded  lands 
on  the  National  Forests  by  planting  nursery  stock  has  been  fully  demon- 
strated. There  remains  the  weighing  and  testing  of  methods  and  costs 
to  define  the  limits  within  which  this  work  should  be  done  as  a  practical 
administrative  question  in  the  expenditure  of  funds.  This  question  must 
be  decided  not  only  from  the  standpoint  of  the  degree  of  success  obtain- 
able on  different  kinds  of  land,  but  also  in  full  consideration  of  the 
initial  cost  and  the  actual  returns  secured  either  in  the  production  of 
timber  or  the  protection  of  watersheds.  Let  me  illustrate  this  point 
briefly.  The  cost  of  large  plantations  of  Douglas  fir  last  year,  eliminat- 
ing small  areas  whose  costs  are  not  indicative  of  what  can  be  done  on  a 
more  extensive  scale,  ranged  on  different  Forests  in  various  Districts 
from  $5.22  per  acre  to  $13.96  per  acre,  or  from  1  to  nearly  2.7.  The 
cost  of  the  larger  plantations  of  yellow  pine  had  a  similar  range  of  from 
$4.92  per  acre  to  $14.38  per  acre,  or  almost  from  1  to  3.  These  differ- 
ences in  cost  are  not  altogether,  but  in  large  part,  due  to  differences  in 
the  actual  physical  conditions  involved  as  to  age  and  size  of  nursery  stock 
required,  care  in  planting  necessary,  inaccessibility  of  the  planting  sites, 
and  the  like.  In  other  words,  the  problem  which  is  presenting  itself  is: 
Should  $15  be  expended  in  planting  one  acre  on  a  central  Rocky  Moun- 
tain Forest  or  three  acres  on  a  northwestern  Forest  ?  It  will  be  a  matter 
of  but  a  few  more  years  before  the  costs  and  the  results  in  each  National 
Forest  region  will  be  so  definitely  standardized  that  that  problem  can  be 
put  in  terms  of  mathematical  exactness.    We  can  almost  do  it  now. 

When  the  problem  can  be  expressed  with  such  definiteness,  a  careful 
selection  of  regions  and  sites  for  future  planting  operations  will  be  neces- 
sary. I  will  not  attempt  to  indicate  how  that  selection  should  be  made. 
As  a  general  policy,  I  believe  that  our  plantations  should  be  restricted 
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for  the  present  to  the  more  favorable  sites  until  our  methods  are  fully 
developed  and  their  limitations  as  to  cost  and  success  more  definitely 
known.  Exceptions  to  this  rule  should  be  made  in  States  like  Nebraska^ 
North  Dakota^  and  Michigan,  where  National  Forests  have  been  estab- 
lished primarily  for  experiment  and  demonstration  in  reforestation.  In 
such  cases  the  work  must  be  pushed  to  conclusive  finality,  whatever  the 
ietd verse  conditions  which  may  be  encountered,  the  unit  cost  involved  and 
the  limitations  upon  success.  But  for  the  bulk  of  the  denuded  lands  in 
the  National  Forests  as  a  whole,  I  feel  that  while  continued  experimenta- 
tion in  the  less  favorable  and  adverse  localities  is  clearly  advisable,  our 
extensive  work,  the  work  on  which  we  rely  for  our  showing  in  acres 
actually  restocked,  should  be  confined  to  the  more  favorable  sites  until 
we  have  tried  out  our  methods  fully  and  know  just  what  we  can  and  can- 
not do  with  them  and  what  it  will  cost.  This  applies,  in  my  judgment,  to 
plantations  of  nursery  stock  no  less  than  to  direct  seeding.  A  corollary 
of  this  principle  is  the  use  of  the  hardier  native  species,  rather  than 
exotics  or  American  trees  of  greater  commercial  value,  until  conclusive 
experiments  have  shown  that  the  use  of  species  of  the  latter  classes  is  safe. 

Compcurison  of  Direct  Seeding  and  Planting 

To  summarize  briefly  the  comparative  results  of  the  past  work  in  seed- 
ing and  planting,  we  have  apparently  a  maximum  of  20  per  cent  of  suc- 
cessful reforestation  by  direct  seeding  at  an  approximate  cost  of  $4  per 
acre,  as  compared  with  76  per  cent  of  successful  reforestation  by  planting 
at  an  approximate  cost  of  $10  per  acre.  The  area  successfully  restocked 
by  seeding  has  therefore  cost  $20  per  acre,  while  the  area  successfully 
restocked  by  planting  has  cost  $12.60  per  acre,  a  difference  of  $7.50  per 
acre  in  favor  of  planting.  While  detailed  exactness  cannot  be  claimed 
for  these  figures,  they  form,  in  my  judgment,  an  approximate  index  of 
the  actual  results  from  the  standpoint  of  cost.  In  contrast  with  this, 
however,  I  must  cite  a  tabulation  of  1,765  acres  on  the  Pike  National 
Forest,  346  of  which  were  planted  and  1,420  sown  on  prepared  soils. 
On  the  basis  of  775  trees  per  acre  for  the  plantations  and  500  trees  per 
acre  for  the  seeded  areas,  100  per  cent  of  the  planting  and  45  per  cent 
of  the  seeding,  respectively,  were  successful.  The  first  cost  was  $14;20 
per  acre  for  planting  and  $7.29  per  acre  for  seeding.  Adding  the  cost 
per  acre  of  reseeding  and  filling  fail  places  gives  a  final  cost  per  acre  of 
$15.24  for  planting  and  $13.34  for  seeding,  a  difference  of  $1.90  per  acre 
in  favor  of  the  latter  method.  This  comparison  can  be  put  in  a  nutshell 
by  saying  that  for  the  Service  as  a  whole,  at  the  present  average  costs  at 
which  this  work  is  being  done,  only  30  per  cent  of  success  in  direct  seed- 
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ing  is  necessary  to  make  this  method  clieaper  for  the  actual  area  re- 
forested than  planting. 

This  purely  tentative  conclusion  indicates  clearly  that  the  final  word 
as  to  the  use  of  these  two  methods  in  future  reforestation  work  has  not 
yet  been  spoken.  It  is  unquestionably  true  that  direct  seeding  should 
be  restricted  to  the  very  best  one-half  or  one-third  of  the  denuded  areas 
requiring  reforestation.  Whether  within  that  one-half  or  one-third  as 
well  it  should  give  way  to  planting  with  nursery-grown  stock  can  only 
be  determined  after  three  or  four  years^  more  work  have  shown  how  far 
the  variable  and  uncertain  conditions  affecting  its  success  can  be  brought 
under  control,  and  how  far  its  results  can  be  standardized  generally  on  a 
scale  of  success  approaching  that  hitherto  obtained  on  only  a  small  per- 
centage of  the  more  successful  areas. 

Future  Place  of  Reforestation  in  the  Administration  of  the  National 
Forests 

In  conclusion,  I  wish  to  bring  out  a  few  points  of  relationship  between 
the  reforestation  work  of  tlie  Service  and  the  administration  of  the 
National  Forests  as  a  whole.  At  least  5,000,000  acres  of  denuded  lands 
capable  of  growing  timber  are  awaiting  artificial  restocking  in  the  Na- . 
tional  Forests  to  restore  them  to  their  most  productive  use.  Right  here 
is  involved  a  possible  increase  of  half  a  billion  feet  in  the  annual  yield  of 
timber. 

The  National  Forests  contain  1,175  watersheds  which  supply  munici- 
palities, 324  water-power  projects,  and  1,266  irrigation  projects,  aside 
from  many  other  outside  power  and  irrigation  projects  which  are  fed  by 
watersheds  within  the  Forests.  The  growing  importance  of  the  fimction 
of  the  National  Forests  in  protecting  water  supply  is  evidenced  by  the 
public  consideration  now  being  given  to  flood  control,  by  the  request 
from  many  western  cities  for  special  measures  to  protect  their  municipal 
water  supply,  by  the  concern  expressed  by  irrigation  associations  in  Colo- 
rado and  elsewhere  over  even  the  regulated  cutting  in  National  Forest 
sales  from  fear  of  lessening  the  available  water  supply,  and  by  the  rapid 
rate  at  which  the  development  of  the  unused  reservoir  and  power  sites  in 
the  Forests  is  being  undertaken.  Reforestation  is  a  primary  essential  to 
the  effective  discharging  of  this  function  of  the  National  Forests. 

Artificial  reforestation,  furthermore,  is  coming  into  demand  as  a  fea- 
ture of  silvicultural  management.  It  is  already  advocated  in  connection 
with  cutting  overmature  stands  of  Douglas  fir  and  Idaho  white  pine  in 
the  Northwest  as  safer  and  cheaper  than  the  leaving  of  veteran  seed  trees 
past  their  maturity  and  of  great  market  value.    Unquestionably,  as  more 
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intensive  methods  of  management  are  developed,  artificial  restocking  of 
cut-over  areas  will  figure  largely  in  timber-sale  methods  in  parts  of  the 
West,  where  natural  regeneration  can  be  secured  only  by  excessive  sacri- 
fices in  the  harvesting  of  the  present  crop,  or  is  precarious  and  long- 
delayed,  as  in  the  pine  stands  of  Arizona  and  New  Mexico. 

I  cite  these  patent  facts  simply  as  an  antidote  to  the  natural  discour- 
agement of  the  man  on  the  ground  who  has  in  many  cases  witnessed 
failure  after  failure  in  spite  of  earnest  and  painstaking  effort.  We  must 
not  lose  sight  of  the  fact  that  reforestation  is  one  of  the  big  permanent 
tasks  of  the  Service  on  the  National  Forests,  and  that  in  the  long  run  it 
will  be  the  greatest  and  best-paying  permanent  improvement  of  the  For- 
ests which  we  could  bring  about.  It  has  taken  a  deal  of  optimism,  of 
bull-dog  tenacity,  and  of  refusal  to  be  beaten,  or  at  least  to  admit  it,  to 
carry  on  this  work ;  but  all  the  effort  expended  is  justified  by  the  ultimate 
results  which  will  be  accomplished. 


THE  USE  OF  FRUSTUM  FORM  FACTORS  IN  CONSTRUCTING 

VOLUME  TABLES 

BY   DONALD  BRUCE 
Contrihuted 

In  the  June,  1912,  number  of  the  Forestry  Quarterly  was  published 
an  article  entitled  "A  New  Method  of  Constructing  Volume  Tables/* 
which  suggested  the  use  of  frustum  form  factors  in  such  work  to  reduce 
the  number  of  tree  measurements  necessary  for  satisfactory  results.  Dur- 
ing the  past  few  months  the  writer  has  had  available  a  considerable 
nimiber  of  tree  measurements  of  western  white  pine  which  have  yielded 
very  interesting  results  when  treated  in  accordance  with  the  methods 
outlined  in  that  article.  In  general,  these  seem  to  show  very  conclu- 
sively that  satisfactory  tables  can  be  made  by  that  method  from  a  far 
smaller  number  of  trees  than  was  previously  considered  possible. 

Two  volume  tables  for  the  species  were  made  by  two  difEerent  methods. 
The  first  was  based  on  but  25  trees,  and  without  any  pretense  at  accuracy 
was  intended  merely  to  show  what  could  be  done  with  such  meager  data. 
The  trees  selected  were  just  such  as  would  be  readily  available  to  any  one 
who  might  find  it  necessary  to  construct  a  local  table  at  the  least  possible 
expense.  All  the  measurements  were  carefully  taken  by  a  yield  table 
crew,  but  for  this  first  table  those  chosen  were  from  one  small  drainage 
on  the  Coeur  d^Alene  Forest,  Idaho,  and  even  from  one  age  class  within- 
that  drainage.    The  method  employed  was  as  follows : 

(a)  The  following  table,  Table  1,  of  frustum  volumes,  was  prepared 
showing  the  volumes  in  feet  b.  m.,  when  scaled  by  the  Scribner  rule  in 
16-foot  lengths,  of  frustums  of  cones  having  a  top  diameter  of  6  inches, 
a  bottom  diameter  equivalent  to  d.  b.  h.  inches  from  8  to  40  inches  and 
heights  in  even  16-foot  lengths  up  to  160  feet  (except  that  20  feet  is 
substituted  for  16).  The  top  diameters  of  the  different  sections  were 
calculated  to  the  nearest  0.1  of  an  inch  and  interpolations  were  made  in 
the  Scribner  rule  to  the  same  degree  of  accuracy.  The  substitution  of  a 
114-log  height  column  for  the  usual  one-log  column  is  consistent  with 
the  usual  custom  in  estimating  which  does  not  consider  any  tree  less 
than  one  log  in  height,  and  hence  groups  together  trees  varying  from 
one  to  one  and  one-half  logs. 

(278) 
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Table  1 


Volumes  of  Frustums  of  Cones 
Scaled  us  16-foot  logs,  Scribner  nile 


D.  B.  H. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


1% 

25 

25 

26 

27 

28 

29 

30 

32 

34 

36 

38 

40 

42 

44 

46 

50 

51 

53 

55 

61 

64 

72 


Height  in  logs. 


8 


9 


10 


46 

48 

50 

54 

58 

63 

68 

75 

83 

90 

97. 

106 

115 

123 

132 

146 

160 

168 

177 

190 

203 

217 

231 

244 

258 

278 

298 

310 

322 

337 

352 

374 

395 


72 
78 
85 
92 
100 
113 
126 
137 
153 
168 
182 
205 
226 
242 
265 
287 
310 
337 
362 
395 
417 
441 
466 
504 
537 
564 
607 
645 
677 
718 
753 
785 
812 


99 
107 
118 
130 
145 
162 
179 
201 
224 
249 
279 
302 
332 
362 
395 
433 
470 
515 
546 
579 
631 
677 
714 
772 
825 
883 
943 
984 
1022 
1068 
1123 
1199 
1246 


168 

190 

213 

239 

266 

293 

333 

367 

403 

445 

492 

533 

583 

634 

680 

729 

793 

851 

920 

989 

1046 

1115 

1181 

1241 

1303 

1371 

1461 

1532 

1604 

1683 


233 

264 

296 

329 

371 

416 

452 

507 

561 

609 

670 

737 

796 

855 

927 

1002 

1072 

1154 

1229 

1322 

1403 

1476 

1572 

1665 

1756 

1836 

1925 

2005 

2088 


312 

351 

395 

445 

493 

551 

610 

665 

740 

814 

882 

949 

1034 

1127 

1200 

1297 

1421 

1503 

1592 

1685 

1780 

1886 

2012 

2112 

2211 

2305 

2420 

2560 


409 

459 

518 

578 

643 

710 

786 

860 

945 

1028 

1123 

1218 

1304 

1403 

1529 

1639 

1748 

1859 

1967 

2100 

2233 

2344 

2454 

2578 

2686 

2870 

3000 


523 

593 

661 

735 

813 

899 

987 

1089 

1179 

1279 

1391 

1499 

1630 

1752 

1866 

2003 

2142 

2266 

2405 

2556 

2678 

2820 

2967 

3116 

3272 

3430 


665 
742 
826 
918 
1010 
1116 
1219 
1332 
1450 
1567 
1683 
1832 
1967 
2120 
2273 
2398 
2546 
2728 
2885 
3022 
3189 
3337 
3514 
3690 
3901 
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(b)  The  following  tabulation  of  the  25  trees  which  were  selected  at 
random  was  then  prepared : 


Tabu  2 


D.  B.  H. 
loehes. 

MerchanUble 

heicht. 
Logs  +  feet. 

Volume   M 

•caled. 
Feel  b.  m. 

Volome  of  cor- 
respond ins  frus- 
tum. Feet  b.  m. 

Fmstom 

form 
factor. 

21.4 

22.6 

24.1 

16.8 

7  +  9 

8  +  2 
8  +  15 

6  +  9  . 

7  +  5 

6  +  12 

7  +  13 

6  +  6 

7  +  11 
7  +  14 

6  +  14 

7  +  10 

8  +  3 
7  +  6 
7  +  7 
6 

7  +  12 

7 

5  +  3 

5  +  8 
7  +  3 

6  +  1 
6  +  12 
6  +  4 
4  +  7 

84.5 
105.0 
127.5 

50.5 

72.5 

44 

78.5 

43 

70 

95.5 

51 
101.5 
106.5 

59 

58 

30 

78 

53 

23 

32 

62.5 

36 

38 

41 

15.5 

■    •    «    ■ 

83.2 
101 
149.7 

54.6 

69.2 

49 

89 

42 

67 

90 

50 

83 

94 

61 

54 

32 

69 

47 

24 

28 

68 

33 

42 

33 

17 

•   «   •   • 

1.01 

1.04 

.85 

93 

16.8 

15.3 

21.6 

16.4 

18.9 

21.7 

1.05 
.90 
.88 
1.02 
1.04 
1  06 

16.7 

21.3 

21.6 

18.4 

17.2 

14.7 

19.1 

16.5 

13.6 

14.4 

19.8 

14.9 

15.9 

14.6 

12.4 

1.02 
1.22 
1.13 

.97 
1.07 

.94 
1.13 
1.13 

.96 
1.14 

.92 
1.09 

.90 
1.24 

.91 

Average 

1.02 

The  volumes  in  the  fourth  column  were  taken  from  Table  1  by  inter- 
polation both  for  diameter  and  height.  Column  6  represents  the  ratio 
between  the  figures  in  columns  3  and  4. 

(c)  The  values  in  Table  1  applicable  to  this  species  were  then  multi- 
plied by  the  average  frustum  form  factor  resulting  from  Table  2  to  give 
the  resulting  volume  table,  the  values  of  which  are  given  in  Table  3, 
preceded  by  the  letter  "A.'* 
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Table  3 

Frustum  Form  Factor  Volume  Tables — Western  White  Pine 

A  =  values  based  on    25  trees 
B  =  values  based  on  160  trees 


D.  B.  H. 


8)A. 


9 


10 


B. 

A. 


{ 
{ 

I 

11  1^ 

i2{l::::;: 
^3{1::;:: 

B 

;a 

f  Jj   ••••■• 

B 

^'|b 

! 
{ 

B 


15 


16 


18 


19 


B. 
A. 


21 


IB. 


{ 


23^b: 


27 


B 

B 

{ 

(A 


25  ^ 

26  i  ^; 


1% 
25 
26 

26 
26 

27 
27 


Height  in  logs. 

A 


2 

47 
48 

49 
50 

51 
52 

55 
56 

59 
60 

64 
65 

69 
71 


3 

73 
75 

79 
81 

87 
88 

94 
96 

102 
104 

115 
117 

128 
131 

140 
142 

156 
159 

171 
173 

182 
185 


6 


8 


9 


10 


•  •  •  • 

•  •  •  • 

•  •  *  • 

•  •  •  • 

120 
123 

•  •  •  • 

•  ■  •  • 

•  •  ■  • 
1     •  •  • 

•  •  •  ■ 

•  •  •  ■ 

•  •■••     •••• 

•  ••••     •••• 

•  ■«•       •••• 

133 
135 

171 
174 

•  •  •  i 
«  •  •  • 

•  •••       ■••• 

•  ■••       ••*» 

148 
151 

194 

197 

232 
242 

•  •  •  • 

•  ■  a  ■ 

•  •••       •••• 

165 
169 

217 
221 

269 
274 

•  •  •  • 

•  •  •  • 

•  •••       •••• 

183 
186 

244 
249 

302 
309 

•  •  •  ■ 

•  •  a  • 

•  •••       •«*• 

•  •••       •••• 

205 
210 

271 
276 

335 
342 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  « 

•  •••       •••• 

•  •••       •••* 

228 
232 

299 
304 

379 
385 

«  •  •  • 
•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •••       •*•■ 

254 
257 

340 
343 

423 
427 

503 

508 

589 
595 

•  •••      •«•• 

•  ••*       •■•• 

285 

288 

374 
378 

461 
465 

562 
567 

655 
662 

•  •••       •••• 

•  •■•       •••• 

308 
311 

411 
415 

517 
522 

622 

628 

724 
730 

•  •••       •••• 

•  •■•       •••• 

339 
342 

453 

458 

573 
578 

678 
685 

802 
810 

•  •••       •••« 

•  •••       «••• 

369   502 
373   507 

621 
627 

755 
762 

877 
885 

1007 
1017 

403   544 
407   549 

683 
690 

830 
838 

964 
973 

1110 
1122 

.   -595 
602 

751 
758 

898 
908 

1048 
1060 

1202 
1214 

647 
651 

812 

817 

968 
975 

1145 
1153 

1303 
1313 

694 
694 

872 
872 

1055 
1055 

1243 
1243 

1420 
1420 

743 
743 

945 
945 

1148 
1148 

1330 
1330 

1530 
1530 

809 
800 

1022 
1012 

1224 
1212 

1431 
1418 

1662 
1645 
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Frustum  Form  Factor  Volume  Tables — Western  White  Pine— -Continued 


Height  in  logs. 


28 


! 


D.  B.  H. 

A 

B 


1% 


29|g 

31 


A 
B. 


32 


A 
B. 


B 

{A 
^^    •••••• 

33|b 

»{ 

ssJb 

36  I  B 

f    X-'  ■■•••• 

37J^ 

38|b 

39|« 

^{b.'.'.*".'.' 

The  second  table  was  constructed  from  a  larger  number  of  trees,  160 
in  all,  which  were  taken  from  a  wider  range  of  conditions:  A  part  were 
from  the  same  stand  as  that  mentioned  above,  while  others  were  from 
Big  Creek  on  the  St.  Joe  Forest,  Idaho.  The  former  were  all  about  110 
years  old  and  averaged  about  18  inches  in  diameter,  while  the  latter  were 
considerably  over  200  years  in  age  and  averaged  24  to  36  inches  in  diam- 
eter. The  method  employed  was  the  same  as  that  above  described  up  to 
the  completion  of  a  tabulation,  such  as  is  shown  in  Table  2  (the  table  in 
this  case  is  too  lengthy  to  be  given  here  in  full).  The  frustum  form 
factor  values  in  this  table  were  then  averaged  by  a  2-inch  diameter  class 
and  evened  off  by  means  of  a  curve,  giving  the  results  shown  in  Table  4. 


5     6     7 

868  1093  1323 
850  1070  1300 

1176  1449 
1145  1410 

1253  1533 
1204  1475 

1348  1624 
1285  1545 

1431  1713 
1360  1635 

1505  1816 
1402  1691 

1603  1924 
1495  1770 

1698  2052 
1548  1871 

2156 
1965 

2255 
2012 

2351 
2100 

2468 
2178 

2611 
2310 


8  9 

1559  1786 

1530  1750 

1671  1902 

1625  1850 


1782 
1715 

1896 
1805 

2006 
1910 

2142 
1995 

2277 
2120 

2391 
2180 

2503 
2280 

2629 
2346 

2740 
2445 

2927 
2583 

3060 
2705 


3026 
2700 

3178 
2835 

3337 
2945 

3498 
3090 


10 


2043 
1970 

2185  2446 

2080  2325 

2311  2596 

2200  2470 

2453  2782 

2285  2592 

2607  2943 

2425  2740 

2732  3082 

2490  2810 

2876  3251 

2625  2970 


3404 
3077 

3584 
3200 

3764 
3321 

3979 
3515 
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Table  4 


D.  B.  H. 
Inches. 


No.  of  trees. 


ATerage  frustum 
form  factor. 


Same  curTed. 


Hi 

12  J 

13  i 
14) 

15) 
1(3  f 

17  1 
18) 

19  1 

20  j 

21) 

22  j 

23  1 
24) 

25  1 
26) 

27  1 
28) 

29  1 
30) 

31) 
32) 

33  1 
34) 

35  1 

36  J 

37  1 
38) 

39  1 
40) 


10 


20 


19 


23 


23 


13 


19. 


11 


3 


10 


3 


1.01 
1.05 
1.02 
1.02 
1.08 
1.01 
1.03 
1.03 
1.02 
1.03 
.99 
.81 


.86 


jl.04 
J  1.04 

51.04 
11.04 

1.04 
1.04 

1.03 
1.03 

1.03 
1.03 

1.03 
1.03 

1.03 
1.03 

1.02 
1.02 

1.01 
1.00 

.99 
.98 

.97 
.97 

.96 
.95 

.94 
.93 

.92 
.91 

.90 
.90 


It  will  be  observed  that  the  160  measurements  used  were  not  sufficient 
to  give  an  entirely  satisfactory  basis  for  a  curve,  and  it  was  necessary  to 
check  the  latter  carefully  by  grouping  the  values  together  in  4  and  8  inch 
diameter  classes.  The  essential  accuracy  of  the  results  is,  however, 
proven  by  the  checks  later  to  be  described. 

The  final  volume  table  was  prepared  by  multiplying  the  values  in 
Table  1  for  each  diameter  class  by  the  corresponding  frustum  form 
factor  from  Table  4.  The  results  are  given  in  Table  3,  preceded  by  the 
letter  "B.^' 

The  accuracy  of  the  two  volume  tables  was  then  tested  by  checking 
them  with  80  trees  taken  at  random.  For  purposes  of  comparison,  two 
other  ""olume  tables  were  available,  both  constructed  in  the  conventional 
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way.  One  was  compiled  on  the  Kaniksu  Forest,  Idaho,  in  1908,  based 
on  1,791  trees,  and  the  other  one  recently  constructed  on  the  St.  Joe 
Forest,  Idaho,  based  on  between  700  and  800  trees.  The  latter  was^ 
like  the  two  tables  above  given,  based  on  utilization  to  a  uniform  6-inch 
top,  but  the  Kaniksu  table  was  based  on  trees  cut  to  a  top  diameter 
ranging  from  6  to  8  inches.  It  should  be  borne  in  mind  in  considering 
the  following  figures  that  this  latter  point  tends,  when  used  to  compute 
trees  estimated  to  a  6-inch  top,  to  give  values  considerably  too  high,  thus 
making  the  error  shown  even  more  serious  than  would  at  first  appear. 
The  80  check  trees  were  taken,  as  would  be  the  case  imder  actual  field 
conditions,  from  one  stand,  that  above  mentioned  on  Big  Creek  and  from 
a  200-year  plus  age  class.  In  comparing  the  figures  the  following  points 
should  be  borne  in  mind : 

(A)  That  the  first  frustum  form  factor  table  was  based  entirely  on 
trees  of  a  different  age  class  and  of  such  a  size  that  the  largest  tree  was 
only  about  equal  to  the  average  of  the  trees  checked.  This  meant  that 
the  table  had  to  be  prolonged  from  24  inches  to  37  inches,  about  as 
severe  a  test  as  could  be  made. 

(B)  That  the  second  frustum  form  factor  table,  while  based  partially 
on  trees  of  the  same  character,  also  depended  equally  on  the  entirely 
different  age  class  from  Eagle  Creek. 

(C)  That  the  Kaniksu  table  was  based  on  a  much  larger  number  of 
trees  taken  from  a  location  within  100  miles  of  that  in  which  the  check 
trees  grew. 

(D)  That  the  St.  Joe  table  was  actually  based  upon  trees  largely  from 
within  the  same  drainage  and  almost  entirely  from  within  the  same  age 
class  as  the  check  trees. 

Table  5  gives  the  result  of  this  check. 

Table  5 

CT^eck  of  Four  Volume  Tables  hy  80  Trees  Taken  at  Random  from  Big  Creek, 

St  Joe  Forest,  Idaho 


Table. 


Method  of  construction. 


BMie  No. 

of 

trees. 


Approximate 

cost  of 

table. 


Computed 

scale 
feet,  b.  m. 


Error 
per  cent. 


Kaniksu . . 
St.  Joe.  • . . 
Table  A.. 


Table  B. . 


Conventional 

Conventional 

Frustum  form  factor 
average  value  for  all 
heights  and  diameters. 

Frustum  form  factoi 
average  value  for  each 
d.  b.  h.  class 

Actual  scale 


1,791 
700 

$600.00 
250.00 

78,285 
98,890 

25 

8.00 

93,629 

160 

40.00 

91,724 
91,650 

-14.5 
+  7.9 


+  2.1 


■f  0.08 
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These  figures  speak  for  themselves.  Even  the  cruder  of  the  frustum 
form  factor  tables  gives  only  one-fourth  the  error  of  the  better  of  the 
conventional  tables,  although  based  on  trees  from  a  stand  of  widely  dif- 
fering character  from  that  of  the  check  trees.  The  fourth  column  but 
emphasizes  the  contrast.  The  costs  given  are  estimated  for  the  Kaniksu 
and  St.  Joe  tables,  but  in  the  case  of  the  latter  two  the  time  required 
was  carefully  kept,  both  field  and  office  work  being  included.  The  cost 
of  compilation  of  the  table  of  frustum  values  (Table  1)  is  not,  however, 
included,  since  this  once  completed  is  available  for  any  number  of  species, 
provided  only  that  the  log  rule  and  the  degree  of  utilization  are  the  same. 
The  total  cost  of  this  amounts,  however,  to  but  about  $3. 

Of  course,  it  is  entirely  possible  that  the  abnormally  close  figures  ob- 
tained for  Table  B  might  be  merely  a  coincidence,  since  60  trees  are 
hardly  a  sufficient  number  to  be  absolutely  conclusive.  The  decided  pos- 
sibility is  also  suggested  that  the  trees  from  which  the  Kaniksu  table  was 
compiled  actually  had  a  markedly  different  form  factor  from  those  in- 
volved in  this  first  check.  A  second  check  was  therefore  conducted,  in 
which  were  used  60  trees  taken  at  random. from  a  number  of  measure- 
ments gathered  on  the  Kaniksu  Forest.  The  heights  of  these  trees  were 
so  different  from  those  previously  used  that  the  St.  Joe  table  was  prac- 
tically useless.  In  this  case,  furthermore,  allowance  was  made  for  the 
range  of  the  top  diameters  in  the  table  by  preparing  a  second  tally  sheet, 
in  which  the  heights  in  logs  were  taken  to  the  variable  instead  of  to  the 
constant  6-inch  top.  An  allowance  of  an  8-foot  6-inch  log  for  each  tree 
which  was  thus  changed  in  height  class  was  then  deducted  from  the  total 
actual  scale.    The  results  follow : 

Table  6 

Check  of  Three  Volume  Tables  by  50  Trees  Taken  at  Random  from  the 

Kaniksu  Forest,  Idaho 

Scale  ip„«, 

feet,  b.  m  *^"°^- 

By  Kaniksu  table   (heights  of  trees  taken  to  range  of  tops 

consistent  with  table) 26,475       —.13% 

By  Table  A 32,605       +  7% 

By  Table  B 32,929       -f  8% 

By  actual  scale  to  6" 30,530 

By  actual  scale  to  range  of  top  diameters 30,360 

It  is  very  apparent  that  there  is  a  fundamental  difference  of  form  be- 
tween the  white  pine  of  the  Kaniksu  and  that  of  the  region  tributary  to 
Coeur  d'Alene  Lake.  This  difference  existing,  of  course  no  table  can  be 
constructed  by  any  method  nor  based  on  any  number  of  trees,  no  matter 
how  large,  which  will  be  satisfactoiy  in  both  localities.  The  point  to  be 
noted  is,  however,  that  even  when  applied  the  trees  from  the  very  Forest 
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from  which  its  own  data  were  taken,  the  table  constructed  in  the  conven- 
tional way  from  nearly  2,000  trees,  shows  a  greater  error  than  that  con- 
structed by  means  of  frustum  form  factors  from  alien  data,  les8  than 
one-tenth  as  extt^nsive.  The  fairer  comparison  is  between  the  13  percent 
error  of  tlie  Kaniksu  table  in  this  second  check  and  the  0.08  per  cent 
error  of  Table  B  in  the  first. 

A  third  check  was  then  made,  which  was  based  on  a  sufficient  number 
of  trees  to  eliminate  the  possibility  of  accidental  results  on  account  of 
limited  data.  More  than  380  trees  were  gathered  from  all  parts  of  the 
white-pine  region  and  tallied  by  the  Kaniksu  table  and  by  the  more  ac- 
curate of  the  frustum  form  factor  tables  (Table  B).  The  results  were  as 
follows: 

Table  7 

Check  of  Tvco  Vohnne  Tahlrn  by  380  Trees  fmin  al!  Part^  of  WcMtrrn  White 

Pine  Region 

Actual   scale    291,753 

Scale  by  Kaniksu  table 249,730 

Scale  bv  frustum  form  factor.  Table  B 285,123 

Error  bv  Kaniksu  table — 14 . 4% 

Erior  t)y  Table  B -   2.2'/, 

The  contrast  is  strikingly  in  favor  of  frustum  form  factor  table,  and 
would  be  still  further  marked  if  the  trees  had  been  tallied  to  tJie  variable 
top  for  use  with  the  Kaniksu  table,  as  in  the  previous  case.  It  is  esti- 
mated that  this  would  have  increased  the  error  from  14.4  per  cent  to 
approximately  20  per  cent. 

The  foregoing  checks  appear  to  establish  quite  convincingly  the  essen- 
tial accuracy  of  the  frustum  form  factor  method  when  applied  to  whole 
stands  or  groups  of  trees  of  considerable  size.  It  might  be  claimed  that 
there  is  a  possibility  of  a  considerable  error  in  individual  values  which 
would  be  compensatory  when  a  number  of  tree  scales  are  combined.  This 
possibility  results,  of  course,  from  the  assumption  that  a  single  frustum 
form  factor  value  is  reasonably  accurate  for  a  whole  diameter  clasis.  To 
investigate  the  soundness  of  this  assumption,  400  trees  were  analyzed. 
To  shorten  the  compilation  these  w^ere  grouped  by  diameters  and  height 
classes,  the  average  d.  b.  h.  and  height  for  each  class  noted,  and  frustum 
form  factors  obtained  bv  classes  rather  than  bv  individual  trees.  The 
resulting  table  was  entirely  inconclusive.  Large  variations  occurred, 
showing  that  the  data  were  inadequate  and  no  definite  conclusions  could 
be  reached  as  to  the  laws,  if  any  exist,  w^hich  govern  frustum  form  factors 
except  that  the  values  decrease  with  the  increase  in  d.  b.  h.  (This  is 
undoubtedly  due  to  the  gradual  rise  of  the  root  swelling  up  to  and  past 
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the  point  of  diameter  measurement.)  One  point,  however,  was  of  ex- 
treme importance,  even  though  negative  rather  than  positive  in  char- 
acter, and  that  was  that  no  definite  relation  could  be  observed  between 
the  frustum  form  factor  values  and  the  height  classes.  The  average 
value  for  the  2  to  5  log  class  (112  measurements)  was  1.05  and  for  the 
6  to  10  log  classes  (288  measurements)  was  1.03,  but  this  small  differ- 
ence is  probably  chargeable  to  the  fact  that  the  higher  log  classes  repre- 
sent a  much  larger  average  d.  b.  h.  Within  individual  d.  b.  h.  classes  no 
consistent  difference  could  be  seen.  While  the  values  of  one  class  might 
appear  to  increase  with  the  height,  those  of  the  next  would  decrease  and 
the  next  perhaps  be  almost  uniform.  It  seems  a  safe  assumption,  then, 
that  even  if  an  average  value  for  each  d.  b.  h.  class  is  not  absolutely 
accurate  for  all  the  height  classes  within  it,  the  variation  from  this  value 
must  be  quite  small  or  this  analysis  of  over  400  trees  would  have  brought 
it  to  light,  and  therefore  that  no  serious  error  for  any  ordinary  purposes 
is  introduced  through  this  assumption. 

The  accuracy  of  the  cruder  method  described  is  apparently  so  surpris- 
ingly great  that  the  minimum  number  of  trees  from  which  a  volume 
table  of  reasonable  accuracy  can  be  constructed  by  it  is  a  point  of  con- 
siderable interest.  The  most  practical  method  of  investigation  involves 
the  application  of  one  of  the  formulae  for  the  probable  error  of  the  aver- 
age value  of  a  group  of  measurements  based  on  the  theory  of  least  squares. 
The  simplest  to  apply  is  the  approximation  formula, 

.«463  Sv 
E  = 


n  |/  n  — 1 

where  E  is  the  probable  error,  Sv  the  sum  of  the  deviations  of  the  indi- 
vidual values  from  the  mean,  and  n  the  number  of  values.  Applying 
these,  for  example,  to  the  trees  in  Table  2,  Sv  is  215  and  n  25,  and  E  is 
found  to  be  .0148 ;  in  other  words,  there  is  an  even  chance  that  the  aver- 
age value,  or  1.02,  obtained  from  that  group  of  25  trees  is  within  less 
than  iy2  per  cent  of  the  correct  value.  Six  other  groups  of  25  trees  all 
showed  a  probable  error  of  less  than  2  per  cent,  indicating  that  for  this 
particular  species  that  number  is  fairly  satisfactory.  Preliminary  work 
on  other  species  indicated,  however,  that  in  the  case  of  thick-barked  trees 
and  those  having  an  exceptionally  heavily  buttressed  form,  such  as  west- 
ern red  cedar  and  western  larch,  considerablv  more  measurements  will  be 
necessary  to  give  a  satisfactory  average.  The  safe  method  would  be  to 
check  each  group  of  measurements  collected  by  the  above  formula  before 
use. 
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It  is  freely  admitted  that  the  data  submitted  herewith  are  not  entirely 
conclusive.  A  large  amount  of  further  investigation,  not  only  of  the 
western  white  pine,  but  of  a  wide  range  of  species,  is  necessary  before 
final  conclusions  can  be  reached.  It  may  be  mentioned  that  preliminary 
work  has  been  done  on  western  larch  and  lowland  fir,  and  that  the  results 
though  comparatively  meager  are  confirmatory  of  those  above  tabulated ; 
but  while  the  data  herewith  presented  represents  hardly  more  than  a  pre- 
liminary survey  of  a  large  field  of  investigation,  it  seems  to  justify  the 
following  conclusions : 

(1)  That  by  the  use  of  the  frustum  form  factor  method  first  described 
a  volume  table  of  a  quite  satisfactory  degree  of  accuracy  can  be  con- 
structed with  a  very  small  number  of  tree  measurements — as  few  as  25 
in  the  case  of  the  western  white  pine — and  at  very  small  expense. 

(2)  That  at  a  slightly  greater  expense  and  with  a  somewhat  larger 
number  of  measurements  a  table  can  be  constructed  by  the  second  method 
in  which  the  error  is  practically  negligible. 

(3)  That,  as  compared  to  the  conventional  method,  even  the  cruder 
frustum  form  factor  method  gives  much  more  accurate  results,  and  even 
the  more  laborious  involves  but  a  fraction  of  the  expense. 


DABWINISM  IN  FOEESTRY 

BY  RAPHAEL  ZON 

Delivered  hefore  the  Society  May  i,  1913 

The  centennial  anniversary  of  the  birth  of  Charles  Darwin  was  the 
occasion  for  many  interesting  reviews  of  what  Darwinism  has  done  for 
the  biological  sciences.  In  all  these  reviews,  however,  scarcely  any  refer- 
■ence  is  m*ade  to  forestry.  Yet  historically  and  inherently  there  is  a  most 
remarkable  and  unique  connection  between  Darwinism  and  forestry. 
On  April  10,  1860,  soon  after  the  appearance  of  the  first  edition  of  the 
Origin  of  Species,^'  Darwin  wrote  to  his  friend  C.  Lyell : 


-« 


"Now  for  a  curious  thing  about  my  book,  and  then  I  have  done.  In 
last  Saturday's  Oardeners'  Chronicle,  a  Mr.  Patrick  Matthew  publishes 
a  long  extract  from  his  work  on  ^Naval  Timber  and  Arboriculture,'  pub- 
lished in  1831,  in  which  he  briefly  but  completely  anticipates  the  theory 
of  natural  selection.  I  have  ordered  the  book,  as  some  few  passages  are 
rather  obscure,  but  it  is  certainly,  I  think,  a  complete  but  not  developed 
anticipation !  One  may  be  excused  in  not  having  discovered  the  fact  in  a 
work  on  Naval  Timber.'*  ^ 

And  three  days  later,  on  April  13,  1860,  he  wrote  to  J.  D.  Hooker:* 

"My  dear  Hooker:  Questions  of  priority  so  often  lead  to  odious 
quarrels,  that  I  should  esteem  it  a  great  favor  if  you  would  read  the 
enclosed.  If  you  think  it  proper  that  I  should  send  it  (and  of  this  there 
can  hardly  be  any  question),  and  if  you  think  it  full  and  ample  enough, 
please  alter  the  date  to  the  day  on  which  you  post  it,  and  let  that  be  soon. 
The  case  in  the  Gardeners'  Chronicle  seems  a  little  stronger  than  in  Mr. 
Matthew's  book,  for  the  passages  are  therein  scattered  in  three  places; 
but  it  would  be  mere  hair-splitting  to  notice  that.  If  you  object  to  my 
letter,  please  return  it ;  but  I  do  not  expect  that  you  will,  but  I  thought 
that  you  would  not  object  to  run  your  eye  over  it." 

The  statement  to  which  Darwin  referred  in  his  letter  to  Hooker  ap- 
peared in  the  Gardeners'  Chronicle  on  April  21,  1860  (page  362),  and  is 
this : 

'T  have  been  much  interested  by  Mr.  Patrick  Matthew's  communica- 
tion in  the  number  of  your  paper  dated  April  7th.    /  freely  acknowledge 


*  "The  Life  and  Letters  of  Charles  Darwin."  by  F.  Darwin,  1898.    New  York : 
Appleton  &  Co.,  p.  95. 
■  IJ)id.,  pp.  95  and  96. 
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that  Mr,  Matthetv  has  anticipated  by  many  years  the  explanation  which 
I  have  offered  of  the  origin  of  species,  under  the  name  of  natural  selec- 
tion, I  think  that  no  one  will  feel  surprised  that  neither  I,  nor  appar- 
ently any  other  naturalist,  had  heard  of  Mr.  Mattheu/s  views,  consider- 
ing how  briefly  they  are  given,  and  that  they  appeared  in  the  appendix 
to  a  worlc  on  Xaval  Timber  and  Arboriculture,  I  can  do  no  more  than 
offer  my  apologies  to  Mr.  Matthew  for  my  entire  ignorance  of  this  publi- 
cation. If  another  edition  of  my  work  is  called  for,  I  will  insert  to  the 
foregoing  effect." ' 

In  the  Historical  Sketch,*  which  he  added  to  the  later  editions  of  his 
book,  Darwin  gives  Matthew  credit  for  the  Nature's  law  of  selection  in 
the  following  words : 

"In  1831  Mr.  Patrick  Matthew  published  his  work  on  *?^aval  Timber 
and  Arboriculture,'  in  which  he  gives  precisely  the  same  view  on  the 
origin  of  species  as  that  (presently  to  be  alluded  to)  propounded  by 
Mr.  Wallace  and  myself  in  the  Linncan  Journal,  and  as  that  enlarged 
in  the  present  volume.  Unfortunately,  the  view  was  given  by  Mr. 
Matthew  very  briefly,  in  scattered  passages  in  an  appendix  to  a  work  on 
a  different  subject,  so  that  it  remained  unnoticed  until  Mr.  Matthew 
himself  drew  attention  to  it  in  the  Gardeners'  Chronicle,  on  April  7th, 

1860.  The  differences  of  Mr.  Matthew's  view  from  mine  are  not  of  much 
importance:  he  seems  to  consider  that  the  world  was  nearly  depopulated 
at  successive  periods,  and  then  restocked ;  and  he  gives  as  an  alternative, 
that  new  forms  may  be  generated  Vithout  the  presence  of  any  mould  or 
germ  of  former  aggregates.'  I  am  not  sure  that  I  understand  some 
passages ;  but  it  seems  that  he  attributes  much  influence  to  the  direct 
action  of  the  conditions  of  life,  lie  clearly  saw,  however,  the  full  force 
of  the  principle  of  natural  selection,"  " 

In  a  letter  written  by  Darwin  to  J.  L.  A.  de  Quatrefages  on  April  25, 

1861,  he  referred  to  Patrick  Matthew's  explanation  in  a  postscript  as 
follows : 

"T  have  lately  read  M.  Naudin's  paper,  but  it  does  not  seem  to  me  to 
anticipate  me,  as  he  does  not  show  how  selection  could  be  applied  under 
nature;  but  an  obscure  writer  on  forest  trees,  in  1830,  in  Scotland,  most 
expressly  and  dearly  anticipated  my  views — though  he  put  the  case  so 
briefly  that  no  single  person  ever  noticed  the  scattered  passages  in  hi? 
book.'' 

Grant  Allen  in  his  biography  of  Darwin  (1888)  calls  Patrick  Matthew 
the  unconscious  author  of  the  principle  of  natural  selection  which  he 
applied  in  his  book  on  naval  timber  to  the  entire  Xature. 


■  Ibid. 

*"The  Orlprin  of  Si)e<'Ie8,"  1878,  p.  xvl.    Historical  Slietch. 


Ibid, 
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Here,  then,  is  a  most  interesting  fact  which  seems  to  me  of  deep  sig- 
nificance  to  foresters.  The  first  Darwinian,  who  twenty-nine  years  before 
Darwin  formulated  the  law  of  natural  selection,  was  a  forester.  I  shall 
not  attempt  here  to  compare  Darwin^s  and  Matthew's  views  on  natural 
selection.  Matthew's  book,  the  full  title  of  which  is  *^Naval  Timber  and 
Arboriculture,  with  Critical  Notes  on  Authors  Who  Have  Eecently 
Treated  thei  Subject  of  Planting,"  is  accessible  in  the  Congressional 
Library.  The  chapter  on  Nature's  Law  of  Selection  is  being  reprinted 
in  this  issue  of  the  Proceedings  of  the  Society  of  American  For- 
esters, so  that  every  one  is  able  to  draw  the  comparison  for  himself. 

In  bringing  together  this  evidence,  I  am  very  far  indeed  from  any 
desire  to  detract  in  the  least  from  the  great  service  which  Darwin  ren- 
dered to  science.  It  was  Darwin  who  first  gave  flesh  and  blood  to  the 
idea  of  natural  selection.  It  was  his  wonderful  interpretation  of  all  bio- 
logical facts  in  the  light  of  natural  selection  that  made  the  letter  the 
universal  law  applicable  to  the  entire  organic  world.  Before  this  accom- 
plishment the  claims  of  all  others  must  sink  into  obscurity. 

My  purpose  in  assembling  these  records  is  twofold:  First,  to  restore 
the  memory  of  one  who  ploughed  the  same  fields  as  we  do  now,  the  name 
of  a  forester  whose  idea,  although  it  did  not  perish,  slumbered  almost 
unknown  for  nearly  thirty  years  until  another  and  bigger  man  brought 
it  to  life  and  general  recognition ;  and,  second,  to  offer  an  explanation  of 
the  reason  whv  a  forester  above  all  others  should  be  the  one  to  observe 
and  formulate  the  law  of  the  struggle  for  existence  as  the  basis  for 
natural  selection  and  the  origin  of  new  species. 

My  first  purpose,  I  hope,  has  been  accomplished  by  quoting  extracts 
from  Darwin's  correspondence.    The  second  still  remains. 

There  is  nothing  accidental,  in  my  opinion,  in  the  fact  that  a  forester 
should  be  the  first  to  observe  the  struggle  for  existence  and  its  bearing 
upon  the  development  of  the  new  varieties,  because  there  is  no  other 
plant  society  in  the  world  which  presents  a  more  striking  example  of  the 
struggle  for  existence  and  of  natural  selection  than  the  forest.  Nowhere 
else,  also,  can  the  law  of  this  process  be  more  fully  studied. 

The  regular  decrease  in  the  number  of  trees  on  a  given  area  with  in- 
crease in  age  forms  one  of  the  earliest  obsers'ations  of  the  foresters,  who, 
at  a  time  antedating  Darwin,  properly  gave  this  process  the  name  of  the 
struggle  for  existence,  the  struggle  for  the  necessary  growing  space.  The 
foresters  have  discovered  the  laws  governing  this  process,  a  process  in 
which  almost  95  per  cent  of  all  trees  that  start  life  in  the  stand  perish, 
and  in  the  form  of  yield  tables  have  expressed  it  quantitatively,  have 
measured  and  weighed  it.    They  have  shown  how  this  struggle  for  exist- 
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ence  varies  with  the  species,  climate,  drainage  and  soil  conditions,  and 
age  of  the  stand ;  that  it  is  more  intense,  and  consequently  the  differen- 
tiation into  dominant  and  suppressed  classes  occurs  earlier,  with  light- 
needing  species  than  with  shade-enduring  ones.  In  a  climate  most  suit- 
able to  the  species  and  on  favorable  situations  this  struggle  again  results 
in  more  rapid  differentiation  into  dominant  and  suppressed  trees  than 
when  the  species  grow  outside  of  their  optimum  range  and  on  poor  soils. 
These  are  elementary  and  fundamental  facts  known  to  foresters  for  many 
years. 

The  foresters  have  not  only  observed  these  facts,  but  they  have  also 
furnished  an  explanation  for  them.  The  more  favorable  the  conditions 
of  growth  the  greater  is  the  development  of  the  individual  trees;  the 
earlier,  therefore,  begins  the  struggle  for  space  and  the  differentiation 
into  dominant  and  suppressed,  with  the  subsequent  dying  out  of  the 
latter.  They  have  followed  this  process  throughout  the  entire  life  of  the 
stand,  have  established  its  various  degrees  of  severity,  and  have  discovered 
its  culmination  during  the  period  of  the  most  rapid  growth  in  height 
This  struggle  for  space  and  light  is  the  basis  of  the  forester's  operations, 
as  only  by  utilizing  and  controlling  it  is  he  capable  of  producing  wood  of 
high  technical  qualities,  tall  cylindrical  poles,  free  of  branches,  and  wood 
with  uniform  annual  rings,  possessing  great  elasticity.  Without  this 
struggle  there  is  no  forest ;  there  is  no  production  of  valuable  timber  save 
firewood. 

The  struggle  for  existence  in  a  forest  stand  is  not  confined  to  indi- 
vidual members  of  the  same  age  or  the  same  story,  but  the  forest  as  a 
whole  battles  for  its  existence  against  the  adjoining  meadow,  swamp,  or 
shrub  vegetation ;  the  old  trees  against  the  young  growth  that  comes  up 
under  them;  groups  of  trees  of  different  species  or  of  different  ages 
against  each  other.  In  this  struggle  the  forest  accomplishes  what  no 
other  vegetation  does,  namely,  it  actually  changes  the  climate  over  the 
area  occupied  by  it  and  makes  it  inhospitable  for  its  enemies.  The  forest 
creates  its  own  interior  environment,  to  which  its  own  members  are  com- 
pletely adapted,  but  in  which  other  species  find  either  too  much  or  too 
little  light,  the  humus  too  scant  or  too  deep  or  too  acid,  the  temperature 
too  high  or  too  low.  Whatever  it  may  be,  the  forests  competitors  are 
eliminated  through  the  changed  environment.  To  change  this  environ- 
ment, however,  there  must  be  a  close  stand ;  there  must  be  present  the 
struggle  for  existence  among  the  individual  members  of  the  stand. 
Through  interior  struggle  among  its  own  members  the  stand  secures 
resistance  against  invasion  by  other  vegetation.  How  manifoldly  broad 
and  deep,  then,  is  the  struggle  for  existence  in  the  forest. 
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When  we  come,  now,  to  natural  selection  nowhere  else  is  it  expressed 
in  such  fullness  and  so  strikingly  as  in  the  forest.  The  forest  is  a  natural 
breeding  place  in  which  constantly  only  the  trees  best  adapted  to  the 
climate  and  the  situation  are  allowed  to  remain.  In  the  forest  only  the 
conquerors  in  the  struggle  for  existence  are  the  ones  which  produce  seed 
in  abundance.  During  a  seed  year  the  dominant  and  codominant  trees 
produce  seed  in  large  quantities ;  the  intermediate  trees,  which  may  prop- 
erly be  called  the  candidates  for  suppression,  participate  but  little,  and 
then  only  in  exceptionally  good  seed  years,  while  the  oppressed  and  sup- 
pressed do  not  bear  seed  at  all.  With  what  rigidity,  then,  must  the  nat- 
ural selection  go  on  in  a  forest,  if  we  consider,  first,  what  a  small  per- 
centage of  trees  in  a  stand  of  the  same  generation  come  to  be  conquerors 
in  the  struggle  for  existence;  second,  the  great  age  reached  by  trees; 
third,  the  numerous  generations  of  trees  that  have  succeeded  each  other 
in  the  same  forest;  and,  fourth,  the  relatively  limited  capacity  of  tree 
seeds  for  dissemination.  With  each  generation  the  forest  trees  must  be- 
come more  and  more  delicately  adjusted  and  adapted  to  the  given  condi- 
tions of  growth.  The  new  generation  inevitably  arises  from  seed  sown 
by  the  best  developed  trees,  from  those  which  have  withstood  the  long  and 
intense  battle  not  only  against  Nature  alone,  but  against  Nature  in  the 
presence  of  competitors.  Of  this  possibly  only  1  per  cent  or  less  will  reach 
maturity  and  be  able  to  continue  the  species.  No  wonder,  therefore,  that 
in  spite  of  search  for  new  species  all  over  the  world  so  few  forest  trees 
have  been  successfully  introduced  into  new  countries  and  so  little  progress 
has  been  made  with  the  artificial  improvement  of  them.  So  perfect  is 
the  natural  selection  in  the  forest,  so  fine  is  the  adjustment  between  the 
environment  and  the  forest  trees  that  it  is  almost  impossible  for  man  to 
approach  it.  I  do  not  mean  the  introduction  of  trees  for  park  purposes 
or  breeding  new  varieties  for  some  other  purpose  than  timber;  I  have  in 
mind  only  the  establishment  of  natural  forests  and  the  production  of 
timber. 

The  natural  selection  forms  also  the  basis  of  the  Porester^s  operation 
in  selecting  trees  for  seeding  purposes,  in  making  regeneration  cuttings, 
in  collecting  seed  for  reforestation,  and  so  on. 

These  few  facts  are  enough  to  show  with  what  fullness  and  force  the 
principles  advanced  by  Darwin  are  expressed  in  the  forest.  If  agriculture 
furnished  Darwin  with  many  examples  of  artificial  selection  upon  which 
he  built  by  analogy  his  principle  of  natural  selection,  the  forest,  of  all 
plant  formations,  furnishes  the  most  striking  examples  and  proof  of  the 
latter.    As  a  matter  of  fact,  forestry  as  an  art  is  nothing  else  hut  the 
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controlling  and  regulating  of  the  struggle  for  existence  for  the  practical 
ends  of  man;  forestry  as  a  science  is  nothing  else  but  the  study  of  the 
laws  which  govern  the  struggle  for  existence. 

Is  there  anything  strange,  therefore,  that  it  was  a  forester  who  first 
f onnulated  the  principles  of  natural  selection  ?  Is  there  anything  strange, 
also,  in  the  fact  that  it  was  also  foresters  who  have  laid  the  foundation 
for  what  has  come  to  be  known  as  ecology,  which  is  the  logical  develop- 
ment of  Darwinism  ?  Because  of  the  fact  that  the  forest  is  the  highest 
expression  of  plant  life,  the  foresters  occupy  the  strategic  position  from 
which  they  command  vistas  accessible  only  with  difficulty  to  other  nat- 
uralists. In  this  lies  the  strength  of  forestry,  its  peculiar  beauty,  and  the 
debt  which  science  owes  to  it. 


Pathick  Mattmev 


NATUEFS  LAW  OF  SELECTION  ♦ 

BY  PATKICK  MATTHEW 

There  is  a  law  imiversal  in  Nature  tending  to  render  every  reproduc- 
tive being  the  best  possibly  suited  to  its  condition  that  its  kind  or  that 
organized  matter  is  susceptible  of^  which  appears  intended  to  model  the 
physical  and  mental  or  instinctive  powers  to  their  highest  perfection  and 
to  continue  them  so.  This  law  sustains  the  lion  in  his  strength^  the  hare 
in  her  swiftness,  and  the  fox  in  his  wiles.  As  Nature,  in  all  her  modifi- 
cations of  life,  has  a  power  of  increase  far  beyond  what  is  needed  to  sup- 
ply the  place  of  what  falls  by  Time's  decay,  those  individuals  who  possess 
not  the  requisite  strength,  swiftness,  hardihood,  or  cunning  fall  prema- 
turely without  reproducing— either  a  prey  to  their  natural  devourers,  or 
sinking  under  disease,  generally  induced  by  want  of  nourishment,  their 
place  being  occupied  by  the  more  perfect  of  their  own  kind,  who  are 
pressing  on  the  means  of  subsistence. 

Throughout  this  volume  we  have  felt  considerable  inconvenience  from 
the  adopted  dogmatical  classification  of  plants,  and  have  all  along  been 
floundering  between  species  and  variety,  which  certainly  imder  culture 
soften  into  each  other.  A  particular  conformity,  each  after  its  own 
kind  when  in  a  state  of  nature,  termed  species,  no  doubt  exists  to  a  con- 
siderable degree.  This  conformity  has  existed  during  the  last  forty  cen- 
turies. Geologists  discover  a  like  particular  conformity — fossil  species — 
through  the  deep  deposition  of  each  great  epoch,  but  they  also  discover 
an  almost  complete  difference  to  exist  between  the  species  or  stamp  of 
life  of  one  epoch  from  that  of  every  other.  We  are  therefore  led  to 
admit,  either  of  a  repeated  miraculous  creation  or  of  a  power  of  change, 
imder  a  change  of  circumstances,  to  belong  to  living,  organized  matter, 
or  rather  to  the  congeries  of  inferior  life,  which  appears  to  form  superior. 
The  derangements  and  changes  in  organized  existence,  induced  by  a 
change  of  circumstance  from  the  interference  of  man,  affording  us  proof 
of  the  plastic  quality  of  superior  life  and  the  likelihood  that  circum- 
stances have  been  very  different  in  the  different  epochs,  though  steady  in 
each,  tend  strongly  to  heighten  the  probability  of  the  latter  theory. 

When  we  view  the  immense  calcareous  and  bituminous  formations, 
principally  from  the  waters  and  atmosphere,  and  consider  the  oxidations 

^  The  Gardeners'  Chronicle  and  Agricultural  Gazette,  April  7,  1860. 
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and  depositions  which  have  taken  place,  either  gradually  or  during  some 
of  the  great  convulsions,  it  appears  at  least  probable  that  the  liquid  ele- 
ments containing  life  have  varied  considerably  at  different  times  in  com- 
position and  weight ;  that  our  atmosphere  has  contained  a  much  greater 
proportion  of  carbonic  acid  or  oxygen,  and  our  waters,  aided  by  excess  of 
carbonic  acid  and  greater  heat  resulting  from  greater  density  of  atmos- 
phere, have  contained  a  greater  quantity  of  lime  and  other  mineral  solu- 
tions. Is  the  inference,  then,  unphilosophic  that  living  things  which  are 
proved  to  have  a  circumstance — suiting  power — ^a  very  slight  change  of 
circumstance  by  culture  inducing  a  corresponding  change  of  character — 
may  have  gradually  accommodated  themselves  to  the  variations  of  the 
elements  containing  them,  and  without  new  creation  have  presented  the 
diverging  changeable  phenomena  of  past  and  present  organized  existence? 

The  destructive  liquid  currents,  before  which  the  hardest  mountains 
have  been  swept  and  comminuted  into  gravel,  sand,  and  mud,  which  in- 
tervened between  and  divided  these  epochs,  probably  extending  over  the 
whole  surface  of  the  globe  and  destroying  all  living  things,  must  have 
reduced  existence  so  much  that  an  unoccupied  field  would  be  formed  for 
new  diverging  ramifications  of  life,  which  from  the  connected  sexual 
system  of  vegetables,  and  the  natural  instincts  of  animals  to  herd  and 
combine  with  their  own  kind,  would  fall  into  specific  groups,  these  rem- 
nants in  the  course  of  time  moulding  and  accommodating  their  being 
anew  to  the  change  of  circumstances  and  to  every  possible  means  of  sub- 
sistence, and  the  millions  of  ages  of  regularity  which  appear  to  have  fol- 
lowed between  the  epochs,  probably  after  this  accommodation  was  com- 
pleted, affording  fossil  deposit  of  regular  specific  character. 

There  are  only  two  probable  ways  of  change — ^the  above  and  the  still 
wider  deviation  from  present  occurrence — of  indestructible  or  molecular 
life  (which  seems  to  resolve  itself  into  powers  of  attraction  and  repulsion 
under  mathematical  figure  and  regulation,  bearing  a  slight  systematic 
similitude  to  the  great  aggregations  of  matter),  gradually  uniting  and 
developing  itself  into  new  circumstance-suited  living  aggregates,  without 
the  presence  of  any  mould  or  germ  of  former  aggregates ;  but  this  scarcely 
differs  from  new  creation,  only  it  forms  a  portion  of  a  continued  scheme 
or  system. 

In  endeavoring  to  trace  in  the  former  way  the  principle  of  these 
changes  of  fashion  which  have  taken  place  in  the  domiciles  of  life,  the 
following  questions  occur:  Do  they  arise  from  admixture  of  species 
nearly  allied,  producing  intermediate  species?  Are  they  the  diverging 
ramifications  of  the  living  principle  under  modification  of  circumstance? 
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Or  have  they  resulted  from  the  combined  agency  of  both  ?  Is  there  only 
one  living  principle  ?  Does  organized  existence^  and  perhaps  all  material 
existence^  consist  of  one  Proteus  principle  of  life  capable  of  gradual  cir- 
cumstance-suited modifications  and  aggregations^  without  bound  under 
the  solvent  or  motion-giving  principle,  heat  or  light?  There  is  more 
beauty  and  unity  of  design  in  this  continual  balancing  of  life  to  circum- 
stance and  greater  conformity  to  those  dispositions  of  nature  which  are 
manifest  to  us  than  in  total  destruction  and  new  creation.  It  is  improb- 
able that  much  of  this  diversification  is  owing  to  commixture  of  species 
nearly  allied ;  all  change  by  this  appears  very  limited  and  confined  within 
the  bounds  of  what  is  called  species.  The  progeny  of  the  same  parents, 
imder  great  difference  of  circumstance,  might  in  several  generations  even 
become  distinct  species,  incapable  of  co-reproduction. 

The  self -regulating  adaptive  disposition  of  organized  life  may  in  part 
be  traced  to  the  extreme  fecundity  of  Nature,  who,  as  before  stated,  has 
in  all  the  varieties  of  her  offspring  a  prolific  power  much  beyond  (in 
many  cases  a  thousandfold)  what  is  necessary  to  fill  up  the  vacancies  by 
senile  decay.  As  the  field  of  existence  is  limited  and  preoccupied,  it  is 
only  the  hardier,  more  robust,  better  suited  to  circumstance  individuals, 
who  are  able  to  struggle  forward  to  maturity,  these  inhabiting  only  the 
situations  to  which  they  have  superior  adaptation  and  greater  power  of 
occupancy  than  any  other  kind,  the  weaker,  less  circumstance-suited  being 
prematurely  destroyed.  This  principle  is  in  constant  action ;  it  regulates 
the  color,  the  figure,  the  capacities,  and  instincts;  those  individuals  of 
each  species  whose  color  and  covering  are  best  suited  to  concealment  or 
protection  from  enemies,  or  defense  from  vicissitude  and  inclemencies  of 
climate,  whose  figure  is  best  accommodated  to  health,  strength,  defense, 
and  support ;  whose  capacities  and  instincts  can  best  regulate  the  physical 
energies  to  self-advantage  according  to  circumstance — in  such  immense 
waste  of  primary  and  youthful  life — those  only  come  forward  to  maturity 
from  the  strict  ordeal  by  which  Nature  tests  their  adaptation  to  her 
standard  of  perfection  and  fitness  to  continue  their  kind  by  reproduction. 

From  the  unremitting  operation  of  this  law,  acting  in  concert  with  the 
tendency  which  the  progeny  have  to  take  the  more  particular  qualities 
of  the  parents,  together  with  the  connected  sexual  system  in  vegetables 
and  instinctive  limitation  to  its  own  kind  in  animals,  a  considerable  uni- 
formity of  figure,  color,  and  character  is  induced,  constituting  species, 
the  breed  gradually  acquiring  the  very  best  possible  adaptation  of  these 
to  its  condition  which  it  is  susceptible  of  and  when  alteration  of  circum- 
stance occurs,  thus  changing  in  character  to  suit  these  as  far  as  its  nature 
is  susceptible  of  change. 
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This  circumstance-adaptiye  law^  operating  upon  the  slight  but  con- 
tinued natural  disposition  to  sport  in  the  progeny  (seeding  variety) ^  does 
not  perclude  the  supposed  influence  which  volition  or  sensation  may  nave 
over  the  configuration  of  the  body.  To  examine  into  the  disposition  to 
sport  in  the  progeny,  even  when  there  is  only  one  parent,  as  in  many 
vegetables,  and  to  investigate  how  much  variation  is  modified  by  the 
mind  or  nervous  sensation  of  the  parents,  or  of  the  living  thing  itself 
during  its  progress  to  maturity — ^how  far  it  depends  upon  external  cir- 
cumstance, and  how  far  on  the  will,  irritability,  and  muscular  exertion — 
is  open  to  examination  and  experiment.  In  the  first  place,  we  ought  to 
investigate  its  dependency  upon  the  preceding  links  of  the  particular 
chain  of  life,  variety  being  often  merely  types  or  approximations  of 
former  parentage ;  thence  the  variation  of  the  family,  as  well  as  that  of 
the  individual,  must  be  embraced  by  our  experiments. 

This  continuation  of  family  type,  not  broken  by  casual,  particular 
aberration,  is  mental  as  well  as  corporeal,  and  is  exemplified  in  many  of 
the  dispositions  or  instincts  of  particular  races  of  men.  These  innate  or 
continuous  ideas  or  habits  seem  proportionally  greater  in  the  insect 
tribes,  those  especially  of  shorter  revolution;  and,  forming  an  abiding 
memory,  may  resolve  much  of  the  enigma  of  instinct  and  the  foreknowl- 
edge which  these  tribes  have  of  what  is  necessary  to  completing  their 
round  of  life,  reducing  this  to  knowledge  or  impressions  and  habits  ac- 
quired by  a  long  experience.  This  greater  continuity  of  existence,  or 
rather  continuity  of  perceptions  and  impressions,  in  insects  is  highly 
probable;  it  is  even  difiicult  in  some  to  ascertain  the  particular  stops 
when  each  individuality  commences,  under  the  different  phases  of  egg, 
larva,  pupa,  or  if  much  consciousness  of  individuality  exists.  The  con- 
tinuation of  reproduction  for  several  generations  by  the  females  alone  in 
some  of  these  tribes  tends  to  the  probability  of  the  greater  continuity  of 
existence  and  the  subdivisions  of  life  by  cuttings  (even  in  animal  life) 
at  any  rate  must  stagger  the  advocate  of  individuality. 

Among  the  millions  of  specific  varieties  of  living  things  which  occupy 
the  humid  portion  of  the  surface  of  our  planet  as  far  back  as  can  be 
traced,  there  does  not  appear,  with  the  exception  of  man,  to  have  been 
any  particular  engrossing  race,  but  a  pretty  fair  balance  of  powers  of 
occupancy — or  rather  most  wonderful  variation  of  circumstance  parallel 
to  the  nature  of  every  species,  as  if  circumstance  and  species  had  grown 
up  together.  There  are  indeed  several  races  which  have  threatened 
ascendancy  in  some  particular  regions,  but  it  is  man  alone  from  whom 
any  general  imminent  danger  to  the  existence  of  his  brethren  is  to  be 
dreaded. 
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Ab  far  back  as  history  reaches  man  had  already  had  considerable  in- 
fluence and  had  made  encroachments  upon  his  fellow-denizens,  probably 
occasioning  the  destruction  of  many  species  and  the  production  and  con- 
tinuation of  a  number  of  varieties  or  even  species  which  he  found  more 
suited  to  supply  his  wants,  but  which  from  the  infirmity  of  their  condi- 
tion— not  having  undergone  selection  by  the  law  of  nature,  of  which  we 
have  spoken — cannot  maintain  their  ground  without  its  culture  and  pro- 
tection. 

It  is,  however,  only  in  the  present  age  that  man  has  begun  to  reap  the 
fruits  of  his  tedious  education  and  has  proven  how  much  '^knowledge  is 
power/*  He  has  now  acquired  a  dominion  over  the  material  world  and  a 
consequent  power  of  increase,  so  as  to  render  it  probable  that  the  whole 
surface  of  the  earth  may  soon  be  overrun  by  this  engrossing  anomaly,  to 
the  annihilation  of  every  wonderful  and  beautiful  variety  of  animated 
existence  which  does  not  administer  to  his  wants  principally  as  labora- 
tories of  preparation  to  befit  cruder  elemental  matter  for  assimilation  by 
his  organs. 

Much  of  the  luxuriance  and  size  of  timber  depending  upon  the  par- 
ticular variety  of  the  species,  upon  the  treatment  of  the  seed  before  sow- 
ing, and  upon  the  treatment  of  the  young  plant,  and  as  this  fundamental 
subject  is  neither  much  attended  to  nor  generally  understood,  we  shall 
take  it  up  db  initio. 

The  consequences  are  now  being  developed  of  our  deplorable  ignorance 
of  or  inattention  to  one  of  the  most  evident  traits  of  natural  history, 
that  vegetables  as  well  as  animals  are  generally  liable  to  an  almost  un- 
limited diversification,  regulated  by  climate,  soil,  nourishment,  and  new 
commixture  of  already  formed  varieties.  In  those  with  which  man  is 
most  intimate,  and  where  his  agency  in  throwing  them  from  their  nat- 
ural locality  and  dispositions  has  brought  out  this  power  of  diversifica- 
tion in  stronger  shades,  it  has  been  forced  upon  his  notice,  as  in  man 
himself,  in  the  dog,  horse,  cow,  sheep,  poultry ;  in  the  apple,  pear,  plum, 
gooseberry,  potato,  pea,  which  sport  in  infinite  varieties,  differing  con- 
siderably in  size,  color,  taste,  firmness  of  texture,  period  of  growth — 
almost  in  every  recognizable  quality.  In  all  these  kinds  man  is  influential 
in  preventing  deterioration  by  careful  selection  of  the  largest  or  most 
valuable  as  breeders;  but  in  timber  trees  the  opposite  course  has  been 
pursued.  The  large  growing  varieties  being  so  long  of  coming  to  pro- 
duce seed  that  many  plantations  are  cut  down  before  they  reach  this 
maturity;  the  small  growing  and  weakly  varieties,  known  by  early  and 
extreme,  seeding,  have  been  continually  selected  as  reproductive  stock 
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from  the  ease  and  conveniency  with  which  their  seed  could  be  procored, 
and  the  husks  of  several  kinds  of  these  invariably  kiln-diied  in  order 
that  the  seeds  might  be  more  easily  extracted.  May  we,  then,  wonder 
that  our  plantations  are  occupied  by  a  sickly,  short-lived,  puny  race,  in- 
capable of  supporting  existence  in  situations  where  their  own  kind  had 
formerly  flourished,  particularly  evinced  in  the  genus  Pinus ;  more  par- 
ticularly in  the  species  Scots  fir,  so  much  inferior  to  those  of  Nature's 
own  rearing,  where  only  the  stronger,  more  hardy,  soil-suited  varieties 
can  struggle  forward  to  maturity  and  reproduction  ? 

We  say  that  the  rural  economist  should  pay  as  much  regard  to  the 
breed  or  particular  variety  of  his  forest  trees  as  he  does  to  that  of  his 
live  stock  of  horses,  cows,  and  sheep ;  that  nurserymen  should  attest  the 
variety  of  their  timber  plants,  sowing  no  seeds  but  those  gathered  from 
the  largest,  most  healthy,  and  luxuriant  growing  trees ;  abstaining  from 
the  seed  of  the  prematurely  productive,  and  also  from  that  of  the  verj 
aged  and  overmature,  as  they  from  animal  analog}'  may  be  expected  to 
give  an  infirm  progeny,  subject  to  premature  decay. 

(See  "Naval  Timber  and  Arboriculture,"  pp.  364,  365.  381-388;  also  pp.  106- 
108.    Patrick  Matthew,  Gourdee  Hill,  Brrol,  N.B.,  March  7.) 


IS  EUCALYPTUS  SUITABLE  FOR  LUMBEll? 

Results  of  Experiments  Conducted  at  Berkeley,  California,  in  the  Forest 
Service  Hunddity-Regulated  Dry  Kiln  During  the  Winter  and  Spring 
of  1911-1912  and  the  Winter  of  1912-1913. 

BY   HAREY  D.  TIEMANN 

Contributed 
INTRODUCTION 

The  object  of  this  undertaking  was  to  determine  first  of  all  whether 
the  blue  gum  growing  in  California  could  be  successfully  dried  on  a 
practicable  basis  for  use  as  lumber,  and  if  not,  whether  any  other  species 
of  eucalyptus  growing  in  the  State  would  be  more  suitable. 

As  the  experiments  have  been  fully  discussed  in  an  article  submitted 
for  publication,  I  will  confine  myself  here  to  a  very  brief  review  of  the 
subject  and  to  a  summary  of  the  results  and  conclusions  reached,  with  a 
discussion  of  some  of  the  most  interesting  facts  brought  out  by  the  study. 

For  the  purpose  of  carrying  on  these  experiments  the  humidity-regu- 
lated dry  kiln  invented  by  the  writer  was  used.  A  wooden  kiln  was  built 
by  the  cooperator,  F.  C.  Havens,  in  a  large  grove  of  eucalyptus  situated 
on  the  hill  northeast  of  Berkeley,  according  to  design  and  specifications 
furnished  by  the  Forest  Service.  The  drying-room  was  approximately  8 
feet  wide  by  9  feet  high  above  the  rails  by  36  feet  long,  and  was  divided 
into  three  sections  by  canvas  curtains.  The  end  doors  were  wood.  On 
the  east  side  was  a  passageway,  M,  figure  1,  for  inspection  purposes.  This 
was  entirely  shut  off  from  the  kiln  and  had  six  doors  opening  into  the 
drying  chamber.  On  either  side  were  the  spray  chambers  B.  The  regu- 
lating apparatus  and  pump  for  the  water  sprays  was  in  a  room  at  the 
north  end  beneath  the  platform.  The  sections  were  numbered,  beginning 
at  the  north  end,  I,  II,  and  III.  High-pressure  steam  was  used  day  and 
night,  the  pressure  in  the  kiln  being  reduced  to  any  desired  amount  by  a 
reducing  valve.  The  temperature  of  the  kiln  was  controlled  also  by  a 
thermostat  acting  on  the  steam  supply. 

By  this  kiln  it  was  possible  to  obtain  any  humidity  from  dry  to  nearly 
saturation  and  any  temperature  from  120°  F.  to  the  boiling  point. 

A  large  steaming  cylinder,  capable  of  holding  20  pounds  pressure,  and 

a  boiling  tank,  in  which  entire  logs  could  be  boiled  for  any  desired  length 

of  time,  were  included  in  the  equipment. 

(301) 
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Fio.  1. — Diai/ram  nf  the  />'■('  Kiln  Cied  in  These  ExpcrtmenU 
(The  Tlemnnu  Humidity -Regulated  Dry  Kiln) 

The  grove  on  the  side  of  which  the  kiln  was  built  was  about  34  yesrs 
old  and  consisted  of  blue  gum  trees,  with  a  few  manna  gums.  Part  of 
the  material  was  obtained  from  this  grove  and  part  from  a  grove  of  about 
the  same  age  at  Piedmont ;  also  one  exceptionally  large  specimen  of  bine 
gum  from  the  roadside  two  or  three  miles  east  of  Piedmont  (this  tree 
was  numbered  110).    The  quality  of  the  timber  was  equal  to  any  in  the 
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State,  with  the  exception  of  the  San  Jose  gum,  which  will  be  described 
later. 

THE  FIRST   WINTER^S  EXPERIMENTS 

Run  No.  1 — Fresh  green  lumber  was  used  in  the  first  runs.  After  a 
few  preliminary  drying  experiments,  it  was  found  that  to  use  the  average 
run  of  material  was  absolutely  futile,  since  the  stuff  was  already  in  a 
hopeless  condition  due  to  checking  and  warping  before  entering  into  the 
kiln.  It  was  therefore  decided  to  place  only  carefully  selected  inch 
boards  in  the  kiln  and  to  use  as  much  quarter-sawed  material  as  possible. 

Accordingly,  two  logs  were  obtained  from  a  thrifty  tree  2V^  feet  in 
diameter  and  two  logs  from  a  tree  about  2  feet  in  diameter,  both  from 
the  Piedmont  grove,  and  sawed  into  inch  boards.  Three  treatments  were 
used  in  the  first  run:  (1)  Preliminary  steaming  at  two  or  three  pounds 
pressure  for  3%  hours  and  plunging  directly  into  hot  water;  (2)  pre- 
liminary heating  in  water  24  hours,  and  (3)  placing  the  green  boards 
directly  into  the  kiln  without  previous  treatment.  The  temperature  at 
the  beginning  of  the  operation  was  about  130°  F.,  with  70  to  80  per  cent 
humidity.  The  original  moisture  in  these  boards  varied  from  87  to  98 
per  cent.  No  free  steam  was  used  in  the  air  at  any  time.  The  circula- 
tion as  measured  by  an  anemometer  amounted  to  about  200  cubic  feet 
per  minute  for  each  foot  length  of  kiln.  The  humidity  was  gradually 
decreased  and  the  temperature  raised  until  the  conditions  were  170°  F. 
and  63  per  cent  humidity.  The  wood  dried  in  28  days.  Moisture  discs 
cut  from  13  boards  showed  from  6  to  12  per  cent  moisture. 

Practically  no  checking  or  honeycombing  occurred  in  any  of  the  quar- 
ter-sawed boards  and  only  a  little  in  the  slab-cut  boards,  but  without  ex- 
ception all  had  greatly  shrunken,  chiefly  circumferentially,  and  all  quar- 
ter-sawed boards  were  deeply  corrugated  like  a  washboard,  due  to  unequal 
shrinkage  of  consecutive  rings.  With  the  exception  of  the  quarter-sawed 
boards  the  wood  warped  very  badly.  Slightly  more  than  half  the  material 
was  practically  good  for  nothing;  the  rest  could  be  planed  to  half-inch 
boards.  There  was  no  appreciable  difference  between  the  three  treat- 
ments. 

Run  No.  2 — In  the  second  run  an  immense  tree  13  feet  in  circumfer- 
ence, growing  along  the  roadside  several  miles  from  Piedmont,  was  se- 
lected as  being  the  best  tree  obtainable.  Its  age  was  between  36  and  40 
years.  Two  10-foot  logs,  numbered  110  and  111,  respectively,  were  sawed 
into  1%-inch  boards,  and  some  14-inch  veneer.  The  latter  was  put  aside 
to  air-dry  between  sheets  of  corrugated  iron,  and  some  of  it  dried  in  Eun 
N"o.  4.    This  wood  contained  90  per  cent  moisture  when  placed  in  the 
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kiln.  Boards  from  two  other  blue  gum  trees  and  one  manna  gum  were 
included  in  this  run.  A  portion  of  each  was  steamed  two  hours  at  about 
three  pounds  and  another  portion  for  3V^  hours;  both  lots  were  doused 
directly  into  hot  water.  These  boards  were  placed  in  Sections  II  and  III. 
Drying  began  at  a  temperature  of  about  135°  in  Section  II  and  143''  in 
Section  III  and  a  humidity  of  82  per  cent. 

The  temperatures  were  finally  raised  to  about  160°  in  Section  II  and 
170°  in  Section  III,  with  humidities,  respectively,  of  40  and  42  per  cent 
The  truck  from  Section  II  was  removed  in  27  days  and  the  other  in  25 
days. 

In  the  remaining  section  (Xo.  I)  was  placed  a  miscellaneous  assort- 
ment of  boards,  including:  Manna  gum  {Eucalyptus  vimindlis)  ;  several 
boards  of  red  ironbark  {Eucalyptus  sideroxylon)  ;  some  boards  from  blue 
gum  trees  which  had  been  dead  for  several  years  before  they  were  felled 
and  blue  gum  boards  which  had  soaked  in  hot  water  (between  150°  F. 
and  212°  F.)  for  22  days.  The  manna  gum  contained  96  per  cent  mois- 
ture. Drying  was  begun  at  about  125°  temperature  and  80  per  cent 
humidity.  The  temperature  was  raised  to  160°  finally  and  humidity 
reduced  to  38  per  cent.    They  dried  in  24  days. 

The  material  from  the  large  blue  gum  tree  dried  with  no  honeycomb- 
ing and  practically  no  checking  except  through  the  centers  of  the  boards, 
which  were  cut  through  the  center  of  the  log.  The  shrinkage,  however, 
was  great,  especially  toward  the  center  of  the  tree,  and  there  was  a  great 
deal  of  warping  of  a  conchoidal  nature.  This  peculiar  warping  was  pro- 
duced by  a  beautiful  wavy  grain  which  the  entire  tree  possessed. 

The  moisture  was  reduced  to  about  4  per  cent  in  the  wood  in  Section 
III,  6  to  9  per  cent  in  Section  II,  and  4  to  12  per  cent  in  Section  I.  In 
regard  to  the  treatments,  as  before  there  appeared  to  be  but  little  differ- 
ence. The  manna  gum  was  about  equal  to  the  poorest  of  the  blue  gum 
except  the  sapwood,  and  this  alone  dried  as  well  as  a  piece  of  ash.  The 
lumber  previously  soaked  22  days  in  hot  water  showed  no  marked  advan- 
tage over  similar  pieces  dried  in  the  previous  experiment. 

The  red  ironbark  dried  in  a  totally  different  manner;  it  did  not  shrink 
excessively,  warped  less,  and  did  not  corrugate  or  honeycomb.  It  much 
resembled  black  cherrywood. 

By  way  of  comparison  a  board  of  blue  gum  was  obtained  from  T.  J. 
Gillespie  at  San  Jos6  and  placed  in  the  kiln  with  the  rest.  Mr.  Gillespie 
is  a  eucalyptus  manufacturer  and  claims  that  he  has  a  distinct  species  of 
blue  gum.  This  board  dried  very  much  better  in  every  respect  than  the 
other  blue  gum,  and  would  appear  to  substantiate  his  claims.  However, 
it  has  been  impossible  to  determine  any  botanical  or  morphological  differ- 
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ence  between  Mr.  Gillespie^s  trees,  which  he  terms  *^San  Jos6  blue  gums," 
and  the  ordinary  blue  gum  trees,  although  the  wood  is  unquestionably  of 
better  quality  than  that  of  even  the  best  ordinary  blue  gums. 

Numerous  other  experiments  were  carried  on,  such  as  steaming  and 
boiling  the  whole  logs  before  sawing  them,  in  an  attempt  to  remove  the 
internal  stresses.  Three  days'  steaming  followed  by  cooling  under  water 
succeeded  in  eliminating  the  internal  stress,  but  so  softened  up  the  fibers 
that  the  toughness  of  the  wood  was  destroyed  and  the  wood  checked  in 
drying  in  a  multitude  of  very  small  checks. 

Shrinkage  experiments  were  made  upon  small  measured  pieces,  the 
results  of  which  are  given  near  the  end  of  this  article  under  ^'Summary 
of  Results/' 

THE  SECOND  WINTER'S  EXPERIMENTS 

Run  No,  3 — During  the  winter  of  1912  and  1913  two  other  runs  were 
made;  the  first  one  (Run  No.  3)  was  made  with  some  of  the  boards  from 
last  season,  which  had  been  purposely  set  aside  for  preliminary  air-dry- 
ing, and  the  second  one  (No.  4)  upon  several  species  of  eucalyptus  other 
than  blue  gum  and  upon  several  species  of  acacia.  The  lumber  in  Run 
No.  3  was  dried  in  13  days,  and  the  results  indicated  that  there  was  less 
shrinkage  and  corrugating  in  material  which  had  been  previously  air- 
dried  than  in  material  placed  in  the  kiln  while  green. 

Run  No.  Jf — A  careful  study  of  the  subject  of  eucalyptus  lumber  de- 
veloped the  conclusion  that  certain  other  species  which  can  be  grown  in 
California  are  much  better  for  lumber  than  the  blue  gum.  These  ap- 
peared to  be  gomphocephala,  corynocalyx,  and  resinifera.  Accordingly, 
an  effort  was  made  to  obtain  mature  trees  of  these  species,  but  after  much 
search  only  cor}'nocalyx  of  fair  size  was  obtained.  Some  very  small  speci- 
mens of  resinifera  were  procured,  but  they  were  too  small  to  determine 
how  wood  from  mature  trees  would  behave.  They  were  sawed  up,  how- 
ever, into  boards,  and  some  equally  small  blue  gums  of  about  the  same 
age  and  one  manna  gum  were  placed  with  them  by  way  of  comparison. 

All  this  material  was  mixed  promiscuously  and  placed  upon  one  truck 
in  the  middle  section  (No.  II). 

A  miscellaneous  assortment  of  1-inch  boards  of  eucalyptus,  including 
viminalis,  obliqua,  rostrata,  and  sieberiana,  together  with  the  acacia,  were 
piled  upon  another  truck  and  run  into  the  end  section  (No.  III). 

In  Section  T  were  placed  several  sheets  of  y^-uioh  veneer,  about  34 
inches  wide,  from  the  large  tree  (No.  110),  which  had  been  air-drying 
between  sheets  of  corrugated  iron  about  nine  months;  also  a  splendid 
board  of  ^^San  Jos6^'  gum  procured  from  Mr.  Gillespie.    This  board  was 
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freshly  sawed^  about  20  inches  wide,  12  feet  long,  and  in  perfect  con- 
dition. 

The  truck  in  Section  II  remained  in  22  days  and  the  one  in  Section 
III  20  days. 

Results  from  Section  II — The  results  showed  that  corynocalyx  dhed 
in  an  excellent  manner  without  corrugating.  Resinifera,  however,  had 
shrunken  badly  and  did  not  appear  much  better  than  the  small  blue  gum, 
but  it  is  not  possible  to  state  from  this  how  the  lumber  from  large  mature 
trees  would  act.  Moreover,  the  wood  was  of  a  finer  and  more  uniform 
texture  than  the  blue  gum. 

A  comparison  of  the  manner  in  which  resinfera,  globulus,  corynocalyx, 
and  two  acacias  dry  is  shown  in  Plate  I. 

While  corynocalyx  dries  very  well  indeed,  it  is  not  a  large  tree  and  is 
apt  to  grow  crooked.  Resinifera,  on  the  other  hand,  is  the  straightest 
growing  of  the  species,  but  in  California  it  is  only  about  two-thirds  as 
rapid  as  the  blue  gum  and  does  not  appear  to  be  as  hardy. 

In  order  to  find  out  whether  the  conclusions  arrived  at  as  to  the  grow- 
ing qualities  of  Eucalyptus  resinifera  were  borne  out  in  California,  letters 
were  written  to  as  many  persons  as  were  known  to  be  familiar  with  this 
species  in  California  and  to  one  in  the  Sandwich  Islands.  The  replies 
are  as  follows: 

Present  Opinions  Regarding  Eucalyptus  Resinifera 

Louis  Margolin  writes,  under  date  of  December  16,  1912,  regarding 
the  growth  of  this  species  in  the  Hawaiian  Islands :      ' 

^*At  the  lower  elevations  on  the  Hawaiian  Islands  (below  the  1,000- 
foot  contour)  E,  resinifera  is  considered  a  more  desirable  tree  for  plant- 
ing than  E,  globulus,  both  because  of  its  more  rapid  growth  and  because 
of  its  better  qualities.  At  Haiku  Hill,  on  the  Island  of  Maui,  at  eleva- 
tions between  500  and  800  feet,  a  nine-year-old  plantation  of  E,  resinifera 
yielded  30  cords  of  wood  to  the  acre.  Sprouts  two  years  and  eight  months 
old  ran  about  5  inches  in  diameter  breast  high,  and  were  from  30  to  40 
feet  high.  E,  globulus  sprouts  in  the  same  plantation  and  at  the  same 
age  average  only  about  3  inches  d.  b.  h.  E,  resinifera  posts  were  said  to 
last  in  the  ground  much  longer  than  E,  globulus  posts  of  the  same  age. 
At  the  higher  elevations  E,  globulus  is  the  more  desirable  species,  E. 
resinifera  not  doing  well  at  elevations  of  over  3,000  feet.'* 

W.  A.  Hayne,  San  Luis  Obispo,  California,  writes  December  4,  1912 : 

"The  resinifera  is  the  most  beautiful  of  all  the  woods.  I  have  a  pol- 
ished sample.  It  closely  resembles  rosewood.  Cabinet-makers  in  San 
Francisco  pronounced  it  rosewood.  The  resinifera  grows  in  this  particu- 
lar locality  as  fast  as  the  blue  gum.  I  am  sorry  I  did  not  plant  more  of 
them.'*    (He  has  four  trees  two  years  old  and  about  18  feet  high.) 


Comparison  of  V* 

mous  Species 

■/Mmh-i 
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Louis  A.  Vucovich,  Hanford,  California,  writes  December  2,  1912 : 

^TVe  have  in  our  grove  a  few  trees  of  E.  resinifera;  they  are  five  years 
old ;  they  compare  well  with  other  varieties  for  growth  in  this  part  of  the 
country/' 

Theodore  Payne,  nurseryman,  Los  Angeles,  writes  on  December  13 : 

"It  is  generally  considered  to  be  adapted  to  warm,  moist  sections  near 
the  coast.  It  stands  about  the  same  frost  or  a  little  more  than  globulus. 
It  is,  however,  slower  growing.  It  furnishes  splendid  lumber  and  the 
tree  grows  very  straight.'* 

William  H.  Brintnall,  Guadalupe,  planted  about  20  acres  to  resinifera 
a  year  ago  last  April. 

In  Plate  II,  figures  1  and  2,  are  shown  two  groves,  one  resinifera  and 
the  other  corynocalyx,  of  almost  exactly  the  same  age,  namely,  10  years, 
and  growing  adjacent  to  each  other  in  the  relative  positions  as  shown  on 
the  page.  These  groves  are  on  the  Experiment  Station  at  Santa  Monica. 
The  difference  in  form  of  growth  is  striking. 

Results  from  Section  III — A  most  striking  and  significant  result  was 
the  comparison  between  the  acacia  wood  and  the  miscellaneous  species  of 
eucalyptus  from  Section  III.  Without  exception  the  eucalyptus  was 
badly  shrunken  and  warped,  while  the  acacia,  promiscuously  mixed  with 
the  eucalyptus,  with  the  exception  of  a  single  tree,  came  out  in  splendid 
condition,  showing  no  detrimental  shrinkage,  warping,  or  checking  and 
no  corrugating  whatever.  This  comparison  was  so  positive  as  to  leave  no 
question  that  the  eucalyptus  in  general  is  a  greatly  inferior  wood  on 
account  of  the  way  in  which  it  dries. 

Results  from  Section  I — ^The  ^-inch  veneer  was  dried  for  13  days  and 
came  out  in  almost  perfect  condition.  There  was  some  shrinkage  and 
conchoidal  surface  effect,  but  not  enough  to  be  detrimental.  The  corru- 
gated iron  held  the  sheets  flat  so  they  did  not  warp  seriously.  The  large 
sheets  which  passed  near  the  center  of  the  logs  cracked  along  the  pith 
line ;  otherwise  there  was  no  checking. 

The  San  Jos6  board  came  from  the  kiln  in  perfect  condition.  It  did 
not  warp,  check,  or  even  corrugate,  and,  according  to  information,- as  late 
as  July  8  was  still  in  the  same  condition. 

Its  shrinkage  in  thickness  was  measured  at  eight  points.  This  showed 
the  irregularities  characteristic  of  the  species,  but  even  the  maximum 
amount  was  considerably  less  than  that  of  the  ordinary  blue  gum.  The 
following  are  the  shrinkage  percentages  of  the  green  dimensions.  They 
are  given  in  consecutive  order,  following  around  the  edges  of  the  board 
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and  measured  about  2  inches  from  the  edge^  beginning  on  the  center  line 
near  one  end : 

a,  5.6  per  cent  on  center  line  near  one  end. 
e,  2.2  per  cent" 

d.  2.8  per  cent  >  along  one  edge. 
c.  2.7  per  cent 

b.  6.1  per  cent  on  center  line  near  opposite  end. 
/.  9.4  per  cent  " 

g.  7.3  per  cent  >-  along  opposite  edge. 
h.  3.7  per  cent 

The  moisture  reduction  was  from  47.5  to  11.4  per  cent.  Compare  this 
shrinkage  with  that  given  in  the  table  on  page  312. 

SHRINKAGE 

A  number  of  small  specimens  were  cut  6  inches  long,  eight  pieces  being 
9  inches  wide  and  two  8  inches.  These  were  green  when  prepared  and 
were  boiled  several  days  and  then  placed  in  the  kiln  with  Run  No.  2 
and  the  widths  measured  periodically.  Shrinkage  began  at  90  per  cent 
moisture  and  continued  at  a  fairly  uniform  rate,  so  that  the  path,  plot- 
ting actual  width  against  moisture  per  cent,  is  approximately  a  straight 
line. 

Two  remarkable  facts  are  apparent;  first,  that  shrinkage  begins  at  as 
high  as  90  per  cent  moisture  content  in  some  cases  instead  of  at  25  or  30 
per  cent,  as  in  most  woods,  and,  second,  the  rate  of  shrinkage  is  not 
greater  than  in  the  case  of  redwood. 

The  total  shrinkage  from  green  to  oven-dry  in  per  cent  of  the  dry 
dimension  is  given  in  the  following  table : 

Percent 
No.    1.  Redwood,  rings  diagonal 5wl 

No.    6.  San  Jos^  gum  radiul  cut  from  outer  portion  of  board  3  feet  wide. .     6.6 

No.   3.  Piedmont  blue  gum  radial  out  from  outer  portion  of  very  wide 

board 14.0 

No.   9.  Piedmont  blue  gum  radial  cut  from  inner  portion,  pith  on  one  edge  16.2 

No.   5.  San  Joa6  gum  radial  inner  portion  of  same  board  as  No.  6 17.6 

No.   4.  San  Jos6  gum  tangential  cut 17.8 

No.    8.  Piedmont  blue  gum  tangential  cut 30.2 

No.  10.  Piedmont  blue  gum  tangential  cut  (another  specimen) 30.2 

No.   2.  Piedmont  blue  gum  diagonal  rings 23.0 

No.    7.  Steamed  piece  of  Piedmont  blue  gum  radial 16.6 

A  similar  series  of  shrinkage  measurements  were  made  in  Run  Xo.  4 
on  the  several  species  of  eucalyptus  and  acacia. 
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The  specimens  marked  E  and  HR,  which  included  the  pith,  as  a  nde 
checked  open  from  the  pith  outwardly  to  the  two  opposite  surfaces,  due 
to  the  greater  tangential  shrinkage.  This  did  not  invalidate  the  meas- 
urements, however,  as  they  were  taken  diametrically  across  the  pith. 
The  table  shows  the  superiority  of  Eucalyptus  corynocalyx  over  the  other 
species  of  eucalyptus,  and  the  decided  superiority  of  the  acacia  over  them 
all  as  to  minimum  shrinkage. 

This  is  also  clearly  shown  in  the  curves.  Another  noteworthy'  fact  is 
brought  out  by  the  curves.  Most  woods  do  not  begin  to  shrink  upon 
losing  moisture  until  a  certain  point  is  reached,  known  as  the  ^^fiber 
saturation  point,''  which  occurs  at  a  moisture  content  varying  from  30 
to  20  per  cent  according  to  species  of  wood.  Eucalyptus,  particularly  the 
blue  gum,  appears  to  be  a  striking  exception  to  this,  as  it  begins  to  shrink 
upon  the  slightest  loss  of  moisture,  even  at  90  per  cent  or  more.  This 
characteristic  difference  is  seen  in  the  shrinkage  curves  by  comparing  the 
acacia  with  the  eucalypts.  The  curves  for  the  acacia  remain  very  nearly 
on  the  100  line  as  drying  takes  place  until  about  30  per  cent  moisture  in 
the  radial  and  60  per  cent  in  the  tangential  is  reached,  whereas  the  curves 
for  the  eucalypts  begin  to  fall  oflE  immediately.  Eucalyptus  corynocalyx, 
however,  appears  to  act  more  like  the  acacia,  but  as  its  moisture  content 
does  not  run  above  approximately  60  per  cent  its  condition  beyond  this 
point  is  not  manifest. 

SUMMARY   OF   RESULTS 

1.  The  blue  gum  wood  in  trees  of  the  average  size  under  40  years  of 
age  and  less  than  about  30  inches  in  diameter  contains  internal  stresses 
in  the  living  tree,  which  cause  the  logs  to  check  on  the  ends  as  soon  as 
the  tree  is  felled  and  the  boards  or  sticks  to  warp  outwardly  on  the  saw. 
This  is  a  great  defect.  In  trees  larger  than  about  30  inches  and  older 
than  40  years  these  strains  are  less  pronounced  and  not  a  serious  factor. 

2.  The  wood  of  the  blue  gum  begins  to  shrink  immediately  from  the 
green  condition,  even  when  at  70  to  90  per  cent  moisture  content,  instead 
of  at  30  or  26  per  cent  as  in  other  species  of  hardwoods.  This  is  a  serious 
defect,  causing  continual  checking  from  the  time  the  trees  are  felled. 
The  effect  is  aggravated  by  the  internal  stresses  in  the  wood. 

3.  The  shrinkage  is  excessive,  particularly  in  the  younger  trees  and  in 
the  inner  portion  of  the  older  trees.  It  is  from  five  to  six  times  as  great 
as  in  conifers. 

4.  Shrinkage  is  exceedingly  irregular,  varying  greatly  in  amount  not 
only  in  different  portions  of  the  same  log,  but  in  the  consecutive  layers 
of  the  concentric  rings.  This  produces  internal  strains,  honeycombing, 
warping,  and  the  pecidiar  corrugating  on  the  surface  of  radially  cut 
boards. 
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6.  Shrinkage  is  much  greater  tangentially  than  radially>  being  at  least 
twice  as  great  in  the  one  as  in  the  other.  This  produces  internal  stress^ 
severe  checking,  and  a  certain  kind  of  warping. 

6.  Sapwood  shrinks  much  less  than  heartwood.  This  is  particularly 
true  with  manna  gum.  . 

7.  The  above  statements  apply  with  even  greater  force  to  manna  gum 
and  in  fact  to  most  species  of  eucalyptus. 

Results  of  Attempts  to  Overcome  these  Difficulties  in  Drying 

8.  Internal  stresses  can  be  removed  by  steaming  the  logs  several  daya 
and  immersing  them  under  water,  but  the  tenacity  and  quality  of  the 
wood  is  destroyed  thereby. 

9.  The  green  wood  cannot  be  dried  with  any  success  at  high  tempera- 
ture, owing  to  the  fact  that  it  becomes  very  soft  and  plastic  while  moist 
and  the  cells  collapse  in  drying,  causing  even  greater  shrinkage  and 

checking. 

10.  If  the  boards  can  be  obtained  free  from  checks  while  green,  they 
can  be  dried  in  my  humidity-regulated  kiln  without  checking  or  honey- 
combing, but  the  shrinkage  and  warping  cannot  be  successfully  elimi- 
nated. 

11.  Quarter-sawed  boards  on  account  of  geometrical  relations  of  the 
stresses  will  dry  flat  without  warping,  but  they  corrugate  greatly  on  the 
surface,  so  that  not  more  than  one-half  inch  lumber  can  be  finished  out 
of  inch  stock. 

Slab-cut  boards  are  bound  to  either  cup  or  check  on  the  concave  side. 

12.  The  shrinkage  is  greater  the  higher  the  temperature  of  drying 
while  the  lumber  is  moist ;  when  it  is  fairly  dry,  temperature  as  high  as 
170**  F.  'is  not  harmful.  Therefore,  the  best  results  are  obtained  by 
beginning  the  drying  at  a  very  low  temperature,  preferably  less  than 
120**  P.,  or  else  allow  the  lumber  to  air-dry  for  about  eight  months  before 
placing  in  the  kiln.  Unless  thoroughly  protected  from  sun  and  wind, 
however,  the  lumber  will  check  badly,  even  in  air-drying. 

13.  Preliminary  steaming  or  boiling  or  soaking  in  hot  water  is  not 
beneficial  and  may  be  harmful. 

14.  Lumber  from  the  outer  portion  of  large  trees  over  40  years  of  age 
and  above  about  30  inches  in  diameter  is  greatly  superior  in  every  respect 
to  that  from  smaller  and  younger  trees.  There  is,  moreover,  a  great 
variation  in  the  individual  trees,  even  of  the  same  size  and  age  and 
growing  side  by  side. 

16.  The  superiority  of  lumber  from  the  so-called  ''San  Jos6  blue  gum*^ 
trees  appears  to  be  due  rather  to  a  selection  of  individual  specimens  of 
peculiar  quality  than  to  an  inherent  difference  in  variety,  but  the  latter 
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question  is  not  fully  decided.  In  either  ease  it  would  seem  desirable  to 
plant  the  seed  from  these  selected  trees  rather  than  from  the  ordinary 
blue  gum,  with  the  possibility  that  they  might  reproduce  wood  of  a  similar 
quality. 

16.  Veneer  and  plates  up  to  l^  inch  in  thickness  can  be  dried  flat 
without  checking,  but  the  tendency  to  shrink,  swell,  and  warp  remains. 

17.  Girdling  standing  trees  and  sawing  the  lumber  after  several  years 
when  the  trunk  has  become  partially  dry  reduces  the  shrinkage  some- 
what, but  it  does  not  remove  the  internal  stresses  nor  does  it  overcome 
the  checking  and  honeycombing  in  the  log.  It  would  appear  better  to 
saw  the  lumber  green  and  allow  it  to  dry  slowly  in  the  air,  although  it 
checks  very  badly  in  air-drying. 

18.  Study  of  literature  indicates  certain  species  which  will  grow  in 
California  as  much  more  suitable  for  lumber  than  blue  gum.  These  are 
red  mahogany,  Ev^alyptus  resinifera;  tooart.  Eucalyptus  gompKocephala, 
and  sugar  gum,  Ev/:dlypt%s  corynocalyx.  Experiment  proved  that  the 
conclusion  regarding  sugar  gum  was  correct.  It  dried  nicely  without  . 
checking  and  with  insignificant,  if  any,  corrugating.  It  dried  almost  as 
well  as  acacia.  It  was  not  possible  to  secure  a  specimen  of  tooart  for  the 
purpose  and  only  very  small  10-year-old  trees  of  Eucalyptus  resinifera. 
The  results  were  inconclusive  on  this  account,  although  the  pink  heart- 
wood  appeared  of  finer,  more  uniform  texture  than  the  blue  gum.  The 
sapwood  of  resinifera  dried  perfectly.    Unfortunately,  the  corynocalyx  is 

a  rather  small  tree  and  grows  crooked.  Gomphocephala  is  also  a  small 
tree  and  its  adaptability  to  California  conditions  is  not  well  known,  as  so 
far  as  known  there  are  only  three  trees  in  the  State — at  the  Santa  Monica 
Experiment  Station.  Resinifera  is  a  remarkably  fine-shaped  tree  from 
the  lumber  standpoint  and  seems  to  do  well  in  the  State,  but  it  grows 
slower  than  globulus  and  apparently  is  not  so  hardy.  The  oldest  trees  in 
the  State,  so  far  as  known,  are  in  the  10-year-old  grove  at  Santa  Monica, 
from  which  the  three  specimen  trees  were  taken.  The  red  ironbark. 
Eucalyptus  sideroxylon,  is  an  excellent  wood,  as  shown  'by  the  drying 
experiments,  but  the  trees  appear  to  grow  either  crooked  or  rotten-hearted. 
The  most  promising  tree  from  a  lumber  standpoint  is  the  red  ma- 
hogany, Eucalyptus  resinifera;  but  the  quality  of  its  wood  in  California 
from  mature-sized  trees  cannot  yet  be  determined,  as  none  have  been 
discovered. 

19.  Compared  directly  with  acacia  in  our  experiments,  eucalyptus, 
with  the  exception  of  the.  species  mentioned  in  the  last  paragraph  and 
certain  selected  large  trees  growing  at  San  Jos6,  termed  ''San  Jos^  gum,'^ 
is  very  decidedly  an  inferior  wood  on  account  of  its  drjdng  qualities,  and 
stands  very  distinctly  apart  from  the  acacia  or  other  good  hardwood. 
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CONCLUSIONS 

The  answer  to  the  two  questions  is  conclusive  from  these  experiments. 
A  single  statement^  however^  cannot  be  made^  since  the  phrase  '^suitable 
for  lumber'*  requires  definition.  If  it  applies  to  boards  or  larger  sizes  the 
proportion  of  good  material  which  can  be  obtained  from  even  the  best 
groves  in  the  State  is  so  small^  less  than  one-tenth  of  1  per  cent>  that 
there  can  be  no  profit  in  the  production.  If  it  refers  to  small  stock,  such 
as  insulator  pins,  narrow  flooring  less  than  2  inches  wide  in  short  lengths, 
tool  handles,  and  such  articles  which  can  be  cut  out  from  between  the 
checks  and  warped  portions,  probably  one-quarter  to  one-third  of  the 
standing  lumber  can  be  utilized. 

In  the  case  of  trees  more  than  40  years  old  and  over  30  inches  in 
diameter  wliich  have  grown  in  the  open  or  along  roadsides,  the  propor- 
tion of  each  class  is  much  greater ;  perhaps  one-third  to  one-half  of  the 
lumber  from  these  trees  could  be  utilized  for  small  stock  and  possibly 
5  or  10  per  cent  would  dry  into  a  fair  quality  of  boards  or  planks.  It  is 
only  an  occasional  tree,  however,  even  of  the  large  sizes,  which  will  yield 
lumber  of  good  quality.  The  best  is  from  trees,  said  to  be  45  years  old. 
growing  at  San  Jose,  discovered  by  Mr.  T.  J.  Gillespie.  Probably  there 
are  not  now  standing  more  than  a  dozen  of  these  trees. 

Secondly,  there  are  several  other  species  of  eucalyptus  which  yield  ji 
much  better  kind  of  lumber  than  the  blue  gum.  The  best  of  these  which 
have  been  proved  in  the  experiments  are  EucalypttLS  corynocalyx  and 
EiLcalyptus  sideroxylon;  but  Eucalyptus  gomphocephdla,  according  to 
reports  from  other  countries,  should  prove  good  also,  but  it  is  small  and 
its  adaptability  to  California  climate  has  not  been  well  tried  out.  Euca- 
lyptus corynocalyx,  however,  grows  crooked  and  is  a  small  tree,  while 
Eucalyptus  sideroxylon  grows  rotten-hearted  and  with  imperfections,  ac- 
cording to  our  experience  and  the  reports  of  others.  The  red  mahogany, 
Eucalyptus  resintfera,  seems  altogether  the  most  promising  for  a  lumber 
tree,  although  the  wood  of  the  immature  10-year-old  trees  dried  but  little 
better  than  the  blue  gum.  Still  larger  trees  would  no  doubt  act  much 
better.  Eucalyptus  resinfera,  however,  is  not  as  hardy  as  the  blue  gum 
and  is  slower  growing.  Bed  gum,  manna  gum,  and  stringy  bark  (Euca- 
lyptus olliqua)  are  worse  than  the  blue  gum,  and  Eucalyptus  siberiana, 
mountain  ash,  is  little  if  any  better. 

The  conclusion  of  the  whole  matter  is  that  to  the  best  of  our  present 
knowledge  there  can  be  little  or  no  profit  in  growing  any  species  of 
eucalyptus  for  lumber  purposes  alone. 


COOBDINATION  OF  GKOWTH  STUDIES,  KECONNAISSANCE, 
AND  REGULATION  OF  YIELD  ON  NATIONAL  FORESTS 

BY  HERMAN  H.  CHAPMAN 

ContriJ)uted 

Until  recently  the  annual  cut  permitted  upon  National  Forests  has 
been  determined  by  Von  ManteFs  method,  based  solely  on  the  present 
nature  of  the  merchantable  stand  and  a  somewhat  arbitrary  rotation.  A 
few  attempts  have  been  made  lately  to  base  the  cut  upon  the  increment 
of  the  forest  by  use  of  the  Austrian  formula.  At  the  same  time  there 
has  come  a  general  awakening  to  the  fact  that  our  knowledge  of  the 
actual  increment  of  virgin  forests  is  conspicuously  lacking.  Without  this 
knowledge  systematic  regulation  of  yield  must  remain  on  crude  and 
wholly  unsatisfactory  foundations. 

The  question  cannot  be  dodged  by  quoting  the  generality  that  in  virgin 
forests  growth  equals  decay.  This  holds  good  only  for  very  large  areas 
and  periods,  while  over  most  single  forests  and  portions  of  forests  the 
timber  resolves  itself  into  age  groups,  which  are  increasing,  stagnating, 
or  retrograding  according  to  their  age.  The  forester  must  know  the 
composition  of  his  forest  by  age  classes,  and  measure  both  increment  and 
loss  and  the  effect  which  utilization  will  have  in  preventing  the  loss  and 
stimulating  the  increment.  Present  volume  alone  as  a  basis  serves  only 
to  regulate  yield  for  the  immediate  future.  Upon  growth  depends  the 
true  regulation  and  maintenance  of  sustained  output.  These  growth 
studies  should  have  for  their  object  the  measurement  of  the  actual  incre- 
ment on  the  entire  forest  and  not  merely  on  sample  plots.  On  account 
of  poor  stocking  and  damage  this  total  increment  will  always  be  lower 
than  the  yield  obtained  on  well-stocked  plots.  For  the  problem  of  regu- 
lation it  is  not  the  "normaP'  yields,  but  the  actual  total  increment  that 
must  be  found.  There  is  but  one  way  by  which  this  data  can  be  obtained, 
and  that  is  through  the  coordination  of  growth  measurements  with  the 
reconnaissance  of  the  entire  area. 

The  neglect  of  this  truth  has  resulted  in  large  areas  being  covered  by 
reconnaissance  without  obtaining  the  proper  basis  for  determining  yields, 
when  the  needed  facts  could  have  been  recorded  during  the  work  without 
increased  expense. 

Recognition  of  this  error  now  may  result  in  committing  one  almost  as 
bad,  namely,  the  attempt  to  collect  actual  growth  and  yield  data  as  an 
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integral  part  of  timber  reconnaissance.  It  is  probably  impossible  to  do 
this  satisfactorily,  even  where  forests  are  even  aged,  and  is  wholly  out  of 
the  question  in  forests  of  mixed-age  classes.  What  is  needed  is  a  separate 
study  of  growth,  combined  with  a  definite  plan  for  applying  the  results 
of  this  growth  study  to  the  forest  by  means  of  additional  data,  easily 
obtained  in  reconnaissance.  Growth  studies  and  reconnaissance  cannot 
be  satisfactorily  combined  in  one  operation. 

A  necessary  part  of  reconnaissance  data  is  the  recognition  of  broad 
types  and  quality  of  site.  The  first  of  these  distinctions  is  generally  ac- 
cepted. Quality  distinctions  are  more  frequently  neglected.  They  should 
be  broad  enough  to  be  distinguishable  by  field  parties,  and  the  classifica- 
tion of  "forties*^  by  quality  should  be  insisted  upon  as  a  primary  factor 
in  determining  growth  and  yield  per  acre  by  any  method. 

Our  forests  may  be  grouped  into  three  classes,  based  on  the  distribu- 
tion of  ages,  namely : 

Group     L  Even  aged. 

Group   II.  Many  aged  by  groups. 

Group  III.  All  aged,  or  selection. 

Increment  in  Group  I  forests,  as  lodgepole  pine,  Douglas  fir,  and  white 
pine,  has  been  studied  on  plots  whose  yield  and  average  age  is  found  on 
the  basis  of  area.  The  diflSculty  in  this  group  comes  in  applying  the 
yields  thus  obtained  to  the  whole  forest  or  type.  The  percentage  of  re- 
duction from  the  yield  table,  always  necessary  in  any  forest,  depends  here 
very  largely  on  the  standard  of  the  yield  table  itself.  When  strenuous 
efforts  have  been  made  to  secure  "normal"  yields,  the  results  are  found  to 
be  so  far  above  even  the  average  best  that  all  stands  must  be  heavily 
reduced  from  the  standard  vields.  It  is  in  this  class  of  forests  in  one 
District  that  the  opposite  extreme  has  been  advocated,  of  accepting  the 
reconnaissance  estimates  as  yields,  by  requiring  the  determination  of  age 
only  in  addition  to  the  volumes.  This  method  may  approximately  accom- 
plish the  one  result  aimed  at,  which  is  to  secure  average  yield  for  the 
total  area  by  age  classes ;  but  the  chief  defects  of  the  plan  are  the  hasty 
and  inaccurate  determination  of  age  and  separation  of  age  classes  and  the 
purely  empirical  yields  obtained  by  including  all  degrees  of  stocking  and 
much  waste  or  blank  area.  The  yield  table  will  apply  only  to  the  areas 
measured  and  the  work  must  be  repeated  on  other  tracts.  In  other  words* 
the  advantages  of  a  standard  yield  table  serviceable  over  wide  areas  and 
for  various  problems  of  management  are  not  secured. 

A  possible  compromise  between  these  extremes  is  to  extend  the  basis 
for  the  so-called  "normal"  yield  table  without  entirely  departing  from  it 
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in  principle.  Plots  of  larger  size  are  chosen,  fairly  well  stocked,  but  with 
no  attempt  to  secure  full  density.  Blanks  caused  by  bums  and  by  lack 
of  reproduction  and  areas  occupied  by  reproduction  or  younger  timber 
are  excluded  from  an  age  class.  The  yields  should  apply  to  the  average 
"forested"  acre  rather  than  to  the  empirical  average  of  the  entire  area, 
including  waste  land.  The  average  yields  per  acre  on  the  forest  will  fall 
below  this  because  of  areas  damaged,  pooriy  stocked,  or  blank. 

Beconnaissance  under  this  system  must  now  secure  an  index  figure  for 
each  forty,  giving  approximate  age  and  degree  of  stocking  with  reference 
to  the  "average"  stand.  These  reduction  factors  will  be  used  to  obtain 
the  total  increment  on  the  area.  It  is  self-evident  that  in  this  group  of 
forests,  unless  the  preparation  of  the  jrield  table  precedes  reconnaissance, 
no  intelligent  application  of  the  yields  can  be  made  to  the  forest  without 
a  second  examination.  The  reconnaissance  notes  on  stocking  must  be 
standardized  on  the  basis  of  the  yield  table. 

Group  II  forests  include  yellow  pine  and  the  mixed  conifer  type  of  the 
Sierras.  The  distinctive  character  of  these  forests  is  a  tendency  to  grow 
in  groups  rather  than  in  a  true  all-aged  or  selection  forest.  The  silvi- 
cultural  system  best  adapted  is  group  selection,  removing  from  60  to  80 
per  cent  of  the  volume  of  the  stand. 

It  has  so  far  been  considered  that  the  only  practical  way  of  studying 
the  increment  on  these  forests  was  by  measuring  current  growth  on  basis 
of  diameter.  This  system  of  increment  study  has  many  disadvantages. 
It  gives  a  fairly  accurate  sunmiary  of  the  present  condition  and  volume 
of  increment  on  existing  age  classes,  but  fails  to  measure  real  forest  pro- 
ductiveness, which  is  based  on  age.  It  furnishes  no  basis  whatever  for 
determining  the  proper  length  of  the  rotation.  Studies  of  age  and 
growth  based  on  age  are  alone  able  to  indicate  whether  100  or  200  years 
should  be  chosen  as  the  basis  of  crop  production.  Furthermore,  yield  per 
acre  and  the  culmination  of  the  mean  annual  growth  are  a  far  more  satis- 
factory basis  for  the  rotation  than  the  age  at  which  single  trees  reach 
merchantable  sizes.  The  current  growth  of  a  stand  fluctuates  more 
widely  than  its  mean  annual  growth,  and  the  latter  should  whenever 
possible  be  preferred  as  a  gauge  of  production  and  a  basis  for  regulation 
of  yield. 

For  these  reasons  the  writer  devised  a  system  of  measuring  the  yield 
of  such  forests  on  the  basis  of  the  component  age  classes  by  area  (For- 
estry Quarterly,  volume  VII,  page  386).  The  limitations  of  this  article 
will  not  permit  of  a  review  of  the  details  of  this  method.  After  five 
years*  trial  in  longleaf  and  shortleaf  pine,  this  plan  was  tried  in  1912  in 
stands  on  the  Plumas  National  Forest,  California,  containing  sugar  pine. 
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yellow  pine,  Douglas  fir,  incense  cedar,  and  white  fit,  and  was  fairly 
successful.  The  plan  depends  upon  the  detennination  separately  of  the 
three  factors  which  give  yields,  namely,  area  occupied  by  each  age  class, 
average  age  of  the  class,  and  volume  produced,  and  results  in  a  yield 
table  giving  yields  per  acre  for  all  ages,  and  mean  annual  growth. 

The  most  important  point  in  favor  of  this  plan  of  increment  determi- 
nation is  the  comparative  simplicity  with  which  the  yield  table  may  be 
applied  to  the  entire  area  of  a  type,  thus  securing  the  needed  coordina- 
tion between  increment  studies  and  reconnaissance. 

The  plots  themselves  may  be  taken  in  fairly  well  stocked  stands ;  but 
whatever  the  character  of  the  plots  chosen,  and  no  matter  how  much  they 
may  differ  from  the  stand  in  the  forest,  the  application  to  the  forest  is 
easily  made.  Beconnaissance  data  should  include  a  tally  of  diameters  for 
best  results.  The  only  additional  data  needed  in  reconnaissance  is  the 
notes  on  young  timber.  It  is  strongly  urged  that  these  notes  be  taken  iD 
the  form  of  area  approximations  instead  of  tree  coimts.  The  enormous 
mortality  in  young  timber  limits  the  value  of  such  counts,  and  the  deter- 
mining factor  of  future  yield  for  young  timber  is  not  numbers  but  area 
stocked.  Reconnaissance  crews  could  be  trained  to  estimate  the  per  cent 
of  the  total  area  which  is  occupied  by  young  timber.  This  figure  should 
be  conservative,  as  its  effect  is  to  increase  the  apparent  yields  per  acre  of 
the  older  stands. 

The  application  of  the  yield  table  to  the  entire  area  of  the  type  is  based 
directly  upon  the  total  estimated  volume  of  timber  obtained  by  reconnais- 
sance. The  problem  is  to  obtain  the  reduction  per  cent,  which  must  evi- 
dently be  applied  in  most  cases,  to  allow  for  blanks,  for  stocking,  etc. 
In  the  method  proposed  for  obtaining  this  application  of  yield  data  to 
the  entire  area,  we  are  obliged  to  assume  that  this  reduction  per  cent 
once  found  will  apply  equally  to  all  age  classes — a  not  unreasonable  con- 
clusion, since  the  plots  are  selected  with  an  eye  to  average  conditions  on 
the  type  or  area — ^and  if  the  relative  density  of  age  classes  differs,  the 
plots  should  secure  this  result. 

In  the  method  of  growth  study  proposed  the  age  classes  include  large 
groups,  as  veterans,  mature,  young  merchantable,  and  immature,  whose 
basis  of  distinction  is,  for  the  younger  groups,  diameter,  and  for  the  vet- 
erans, appearance  and  condition — that  is,  actual  age — ^rather  than  diam- 
eter. The  plots  from  which  the  yield  table  was  made  are  now  taken  as  a 
guide,  and  the  stand  table  for  the  entire  type  is  divided  into  age  groups 
on  the  basis  of  similar  diameter  classes,  and  the  volume  for  each  age 
class  computed  by  the  use  of  this  stand  table. 
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The  process  of  getting  the  age  of  each  age  class  in  the  type  is  as  fol- 
lows :  Height  as  a  variable  on  diameter  is  eliminated  by  drawing  a  curve 
of  height  on  diameter  for  the  type,  and  thus  securing  a  type  volume  table 
based  on  diameter  alone.  The  average  volume  of  the  trees  in  the  age 
class  is  found  from  knowing  the  total  volume  and  total  number  of  trees. 
The  diaineter,  which  corresponds  to  this  average  volume,  is  taken  direct 
from  the  volume  table,  but  interpolated  to  one-tenth  of  an  inch.  The 
age  of  a  tree  of  this  diameter  is  found  from  the  growth  curve  of  diameter 
based  on  age,  prepared  on  a  similar  site  by  analyzing  the  growth  on 
stumps.  This  age  is  accepted  as  the  average  age  of  the  class.  These 
operations  are  performed  for  the  entire  area  included  in  the  type. 

The  reduction  per  cent  for  yield  is  then  found  by  use  of  the  indicated 
yields  from  the  standard  yield  table  for  the  average  age  of  the  age  classes. 
Divide  the  total  volume  in  the  age  class  on  the  forest  by  the  yield  per 
acre  for  the  average  age.  This  gives  the  number  of  "fully  stocked"  acres 
in  the  age  class.  This  figure  is  ascertained  separately  for  each  age  class 
and  the  total  "fully  stocked"  area  determined.  The  relation  between  this 
total  and  the  actual  area,  reduced  by  eliminating  the  acreage  of  immature 
timber,  gives  the  reduction  per  cent.  To  illustrate,  assume  a  total  area 
of  13,500  acres,  with  1,000  acres  of  immature  timber.  The  net  area  of 
12,500  acres  is  stocked  with  merchantable  timber.  By  the  above  process 
it  is  found  that  if  the  volume  of  timber  on  this  area  gave  yields  per  acre 
equal  to  those  of  the  yield  table  the  stand  would  occupy  10,000  acres. 
Density  or  relative  yield  is  therefore  as  10,000  is  to  12,500,  or  80  per 
cent.  This  is  the  reduction  per  cent  sought,  and  this  factor  is  used  to 
reduce  the  yield  table  for  each  age  class.  The  reduced  yields  will  apply 
directly  to  the  average  conditions  on  the  entire  type. 

The  area  occupied  by  each  age  class  may  also  be  approximated.  The 
per  cent  of  the  total  "fully  stocked"  acreage,  which  the  "fully  stocked" 
area  found  for  each  age  class  represents,  can  be  applied  to  the  total  area, 
thus  indicating  the  acreage  of  the  age  class.  For  instance,  should  the 
"fully  stocked"  area  in  the  example  cited  figure  out  for  veterans  3,500 
acres,  for  mature  2,500  acres,  and  for  young  merchantable  4,000  acres, 
this  gives  35  per  cent,  25  per  cent,  and  40  per  cent  of  the  total  "fully 
stocked"  area.  When  these  per  cents  are  applied  to  the  actual  area  of 
12,500  acres,  the  areas  of  the  age  classes  are  found  to  be  4,375  acres  for 
veterans,  3,125  acres  for  mature,  and  5,000  acres  for  young  merchantable 
timber. 

The  gap  between  yield  tables  and  reconnaissance  is  bridged  in  this 
manner  by  means  of  a  comparison  of  the  volumes  i^  the  standard  yield 
table  with  the  total  volume  in  the  tract,  and  the  reduced  vields  should  be 
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absolutely  safe  as  a  basis  for  regalation.  The  plan  applies  equally  well, 
no  matter  what  the  density  of  stocking,  which  is  an  advantage  in  this 
type  of  forests  on  account  of  the  variation  in  density  due  to  dry  condi- 
tions. It  does  not  require  the  reconnaissance  parties  to  record  any  indi- 
vidual reduction  factors  for  density  on  each  forty,  as  must  be  done  to 
apply  yield  tables  to  even-aged  forests. 

The  amount  of  office  work  required  to  apply  the  yield  table  to  the 
forest  is  not  excessive.  It  is  even  possible  to  apply  the  results  of  the 
plots  direct  to  the  forest,  without  the  use  of  a  stand  table  of  diameters,  by 
assuming  that  the  areas,  volumes,  and  stands  on  the  total  plot  acreage 
measured  represents  the  forest  in  miniature  as  to  age  classes  and  acres 
occupied  by  them.  The  total  volume  of  the  forest  type  might  be  divided 
into  age  classes  on  this  basis  and  the  reducing  factors  for  yields  figured 
out  as  above ;  but  this  is  a  much  cruder  method  than  that  which  requires 
the  preparation  of  the  stand  table,  for  the  latter  gives  the  actual  diameter 
classes  on  the  type  as  a  basis  for  age  distinctions.  The  determination  of 
the  average  age  of  the  class  from  curves  of  growth  in  diameter  based  on 
age  made  from  stump  analyses  is  thought  to  have  decided  advantage  over 
felling  sample  trees.  Once  determined  such  cun'es  represent  average  age 
much  more  closely  for  mixed-age  classes  than  can  be  found  by  felling 
sample  trees,  and  the  excessive  cost  of  this  felling  is  eliminated.  The 
application  of  the  growth  figiires  is  thus  limited  to  types  and  qualities 
where  logging  is  in  progress,  but  by  careful  classification  of  qualities 
such  growth  figures  can  be  given  a  wider  application,  even  to  forests  at 
some  distance  from  the  site  studied  for  growth,  or  correction  factors  can 
be  applied  to  the  growth  curves  by  the  felling  of  a  few  trees  in  the  poorer 
or  better  sites. 

Should  this  method  of  determining  increment  for  forest  areas  prove 
practical  after  further  tests,  it  will  bring  the  entire  area  of  Group  II  for- 
ests into  the  class  now  confined  to  Group  I  for  purposes  of  yield  regula- 
tion. The  rotation  and  annual  cut  can  then  be  based  mi  mean  annual 
increment,  or  actual  average  production  per  acre,  and  not  on  current 
growth. 

It  remains  to  adopt  a  policy  for  regulation  which  will  be  sufficiently 
elastic  to  meet  the  conditions  on  our  undeveloped  western  Forests. 

Regulation  by  area,  according  to  European  practice,  undoubtedly  se- 
cures rapid  advance  toward  a  normal  distribution  of  age  classes ;  but  this 
beneficial  result  is  not  realized  until  the  beginning  of  the  second  rotation, 
100  to  200  yeai-s  from  date.  To  attain  theoretical  normalitv  even  at  that 
date,  it  would  be  nefossary  for  the  working  section  or  working  circle  to 
remain  the  same  size  during  this  period.     The  extreme  elasticity  which 
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railroad  transportation  has  given  to  the  factors  of  accessibility  and  ease 
of  transportation  has  its  effect  in  this  country  in  permitting  the  forma- 
tion of  working  sections  of  considerable  extent,  comprising  in  some  cases 
several  Forests.  With  new  railroad  development  and  changing  markets 
new  arrangements  of  the  working  sections  will  be  necessitated.  The  ab- 
surdity of  rigid  area  regulation  is  thus  seen.  Another  obstacle  is  the 
impossibility  of  predetermined  allotment  of  the  cut  to  definite  areas- 
Accessibility  will  continue  to  control  sales  for  a  long  period.  Area,  if 
used  at  all,  will  be  simply  as  a  check  to  gauge  the  results  of  the  cutting 
and  the  progress  being  made  toward  normal  distribution  of  ages.  It  will 
not  be  the  factor  determining  the  annual  cut. 

To  meet  the  conditions  on  our  forests  and  provide  an  elastic  system 
which  will  still  interpose  the  needed  check  and  guide  in  limiting  the  cut, 
we  must  depend  primarily  on  regulation  by  volume;  but  present  mer- 
chantable volume  alone  is  an  insufficient  basis.  Three  elements  must 
enter  into  a  proper  volume  regulation:  present  volume,  annual  growth, 
and  the  actual  condition  and  amount  of  timber  in  the  different  age 
classes,  with  approximate  knowledge  of  the  behavior  and  condition  of 
these  age  classes  for  an  extensive  future  period. 

Von  Mantel's  method  neglects  all  but  the  first  element.  The  formula 
methods  which  depend  on  increment  determination  include  the  second, 
and  by  calculating  a  "normal"  growing  stock  attempt  to  indicate  for  the 
forest  as  a  whole  the  presence  of  a  surplus  or  deficit  which  will  modify 
the  allowed  annual  cut.  The  third  element,  actual  age  class  conditions, 
is  almost  as  fully  ignored  by  these  formulae  as  by  Von  ManteFs.  In  fact 
the  Austrian  formula,  by  allowing  a  period  of  one-half  the  rotation  for 
reduction  of  the  surplus,  gives  an  annual  cut  identical  with  that  obtained 
by  Von  Mantel's  formula.  The  application  of  the  Austrian  method  is 
greatly  improved  if  based  on  an  accurate  determination  of  mean  annual 
growth  rather  than  current  growth. 

What  is  really  needed  is  a  method  which  gives  proper  weight  to  all 
three  elements.  Forests  which  have  half  their  area  covered  bv  timber 
just  below  merchantable  size  will  permit  of  a  far  larger  present  cut  of 
mature  timber  than  areas  with  the  same  estimated  merchantable  volume, 
but  which  are  devoid  of  immature  timber.  The  purpose  of  regulating 
the  cut  is  primarily  to  secure  a  present  steady  output  for  immediate  use, 
and  secondarily  to  gauge  the  amount  so  that  the  cut  may  continue  indefi- 
nitely. It  is  not  necessary  to  assure  an  equal  annual  cut.  Many  circum- 
stances, such  as  the  surplus  of  overmature  timber  or  temporary  markets, 
may  call  for  a  heavier  cut  for  the  first  twenty  years  than  the  Forest  can 
afterward  maintain.    Volume  regulation,  based  directly  on  this  determi- 
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nation  of  age  clafises  and  of  average  yields  for  these  age  classes^  fulfills 
these  conditions.  Based  on  these  data^  which  can  alwajrs  be  obtained  by 
the  proper  coordination  of  growth  studies  and  reconnaissance,  the  follow- 
ing system  of  regulation  is  proposed  for  National  Forests : 

The  rotation  is  not  divided  into  arbitrary  periods ;  but  the  Forest  itself 
is  grouped  into  the  four  or  five  rough  age  classes,  as  decadent,  mature, 
young  merchantable,  immature  poles,  immature  saplings  and  seedlings, 
which  classes  served  as  the  basis  for  growth  studies.  The  rotation  may 
coincide  with  the  upper  limit  of  the  young  merchantable  age  class,  so 
that  the  mature  and  decadent  groups  are  past  the  age  for  cutting.  This 
is  the  condition  in  which  most  of  the  western  Forests  are  today.  The 
average  age  for  each  of  these  age  groups  is  roughly  calculated  from  the 
reconnaissance  data  by  weighting  the  areas  or  volumes,  or  by  the  method 
proposed  for  Group  II  in  this  article. 

The  volume  in  each  group  is  computed  from  reconnaissance.  From  the 
reduced  yield  table  the  average  increment  per  acre  or  yield  for  stands  of 
each  age  is  stated.  A  properly  constructed  yield  table  would  show  the 
loss  in  decadent  stands  of  advanced  age  as  well  as  the  growth  in  young 
stands. 

Regulation  is  then  based  on  the  principle  of  removing  the  volume  of 
the  decadent  timber  within  a  given  period.  The  length  of  the  period 
chosen  is  left  to  the  discretion  of  the  management  and  will  depend  on  the 
quantity  and  condition  of  decadent  timber  and  the  possibility  of  heavy 
cutting.  The  total  cut  for  the  period  will  be  the  present  volume,  minus 
half  the  loss  for  the  period,  from  the  modified  yield  table.  If  the  stands 
are  not  decadent  this  condition  is  reversed  and  half  the  growth  for  the 
period  is  added.  Where  stands  are  retrograding,  the  shorter  the  period 
the  greater  the  actual  total  saved.  The  calculation  of  the  first  period  is 
the  most  important  part  of  the  plan  of  regulation,  since  in  most  eases 
before  this  period  elapses,  or,  say,  in  20  years,  revised  figures  on  esti- 
mates and  growth  will  be  taken ;  but  as  a  check  on  this  first  period  the 
possibilities  of  prolonging  the  cut  over  the  entire  rotation  must  be  investi- 
gated. The  presence  of  large  areas  of  immature  timber  of  good  size 
should  permit  the  more  rapid  cutting  of  the  older  stands.  Instead  of 
merely  guessing  at  this  prospect,  the  other  age  classes  should  be  assigned 
experimental  or  tentative  periods  for  exploitation,  the  sum  of  which, 
with  the  first  period,  should  be  equal  to  the  number  of  years  in  the  rota- 
tion chosen,  since  before  the  expiration  of  the  full  rotation  all  timber 
now  growing,  from  seedlings  up,  will  become  overmature  or  pass  the 
exploitable  age. 
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The  next  younger  class,  or  mature  timber,  would  be  exploited  in  a 
period  beginning  in  the  year  when  the  volume  of  decadent  timber  is  ex- 
hausted. Prom  the  peld  table  a  volume  is  added  to  the  present  volume 
of  this  age  class,  equal  to  the  growth  during  the  first  period,  when  it  is 
awaiting  the  removal  of  the  decadent  timber.  Then,  depending  on  its 
acreage  and  volume,  a  second  arbitrary  period  for  cutting  this  age  class 
is  assigned  to  it,  and  one-half  tlie  possible  growth  or  decay  during  this 
period  of  exploitation  is  added  or  subtracted.  The  possible  annual  cut  is 
found  as  before  by  dividing  this  final  total  by  the  length  of  the  period. 
The  third  and  fourth  groups  can  be  treated  in  the  same  way.  The  calcu- 
lation of  volume  and  yield  becomes  increasingly  uncertain  the  more  re- 
mote the  period,  but  its  relative  importance  decreases  in  like  proportion. 

Should  it  appear  that  the  first  arbitrary  assignment  of  periods  gives 
very  irregular  yields,  it  is  possible  to  alter  the  length  of  the  periods  and 
recompute  the  yields  from  the  reduced  yield  table.  Since  this  is  done  for 
the  whole  age  class,  it  involves  very  little  extra  calculation.  The  desired 
equalization  of  yield  can  be  approximated  by  trial.  The  usual  conditions, 
however,  will  call  for  a  heavier  cut  of  overmature  timber  than  for  the 
remaining  classes.  It  would  be  just  as  practicable  to  determine,  for  the 
immature  class  of  timber,  the  per  cent  of  total  area  occupied  and  assign 
to  it  a  period  at  the  end  of  the  rotation  equaling  this  per  cent  of  the  total 
rotation,  thus  eliminating  the  calculation  of  yield  on  this  age  class. 

Nothing  original  is  claimed  for  this  plan  of  regulation.  The  principle 
was  laid  down  in  1795  by  G.  L.  Hartig,  and  the  idea  is  the  same,  but  cut 
loose  from  all  burdensome  restrictions  of  stand  allotments  and  prescribed 
areas  for  cutting,  with  their  detailed  yield  computations.  The  advan- 
tages of  the  method  are  that  the  commercial  factors  of  demand  and  mar- 
kets, as  well  as  the  condition  of  the  stand,  can  be  given  full  weight  in 
fixing  the  limits  of  the  annual  cut,  actual  increment  is  fully  recognized, 
and  sustained  yield  is  assured  by  recognition  of  the  amount  and  relation 
of  the  actual  age  classes. 

One  factor  in  regulation  of  virgin  forests  is  the  inaccessibility  of  por- 
tions of  the  area.  The  method  theoretically  calls  for  the  removal  of  the 
decadent  timber  before  the  next  age  class  is  cut.  Tn  actual  practice  per- 
haps half  the  area  will  he  accessible  in  the  first  period,  and  upon  this  half 
all  of  the  second  or  mature  group  will  be  reserved  along  with  the  veterans, 
leaving  the  Forest  in  the  inaccessible  portion  still  in  its  virgin  condition. 
In  this  case  the  loss  due  to  decadence  continues  unabated  on  the  remain- 
ing half,  while  the  cutting  area  is  covered  in  half  the  time  or  for  double 
the  cut  otherwise  called  for.  When  this  condition  is  anticipated,  both 
increment  calculation  and  regulation  of  the  cut  may  be  computed  on  the 
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basis  of  the  actual  anticipated  operations.  On  the  inaccessible  half  the 
condition  of  the  Forest  at  the  end  of  the  period  of  exploitation  of  the  re- 
mainder can  be  predicted  from  the  yield  table,  and  will  depend  upon 
the  relative  proportion  by  area  of  the  different  age  classes  at  present 
Upon  the  exploitable  area  both  the  veteran  and  mature  age  classes  can  be 
considered  as  being  cut  progressively  in  the  same  period.  The  calcula- 
tion of  the  annual  cut  would  be  made  separately  for  each  for  an  identical 
period,  and  the  total  cut  is  the  sum  of  the  cuts  for  both  age  classes.  If 
the  diameter  limit  chosen  for  cutting  does  not  coincide  with  the  rough 
limits  of  an  age  class,  the  approximate  proportion  of  the  total  age  class 
which  is  exploitable  under  the  limits  chosen  gives  the  basis  for  computing 
the  yield  and  cut  for  the  period. 

The  method  seems  sufficiently  elastic  and  practical  to  be  offered  as  t 
possible  standard  for  regulation  in  all  Forests  whose  increment  per  acre 
and  age  classes  can  be  determined,  and  as  such  it  has  been  termed  b3'  the 
writer  for  convenience  the  "American"  method  of  regulation. 

The  question  of  applying  this  method  of  regulation  to  the  remaining 
group  of  forests — Group  III  on  all  aged  forests — ^hinges  on  the  pc^si- 
bility,  not  yet  demonstrated,  of  getting  satisfactory  figures  on  3-ields  based 
on  age  and  areas  rather  than  on  mere  current  annual  increment  for  such 
forests.  This  group  may  be  narrowed  down  to  such  species  and  tj^pes  as 
are  represented  by  Engelmann  spruce.  A  method  of  measuring  yields  in 
tliis  type  by  investigating  the  space  occupied  by  crowns  of  trees  of  differ- 
ent diameter  is  being  tested,  but  the  discussion  of  this  method  does  not 
come  within  the  scope  of  this  article. 


MANAGEMENT  OF  WESTERN  WHITE  PINE  IN  NORTHERN 

IDAHO 

BY  NELSON  C.  BEOWN 

Contributed 

From  the  viewpoint  of  economic  utility,  wide  demands  on  the  markets, 
and  favorable  silvicultural  characteristics,  which  are  the  determining 
factors  in  successful  forest  management,  the  western  white  pine, 
although  individually  not  distributed  over  a  great  range  of  territory,  is 
one  of  the  most  valuable  trees  in  the  West  for  future  management.  It 
is  a  tree  of  splendid  proportions,  occurring  up  to  8  feet  in  diameter  and 
200  feet  in  height.  It  usually  forms  about  50  to  60  per  cent  of  the 
total  stand  in  the  Northern  Idaho  forests.  The  tree  cleans  itself  of 
limbs  admirably,  and  it  is  one  of  the  best  lumber  trees  in  the  entire  West. 
The  Potlatch  Lumber  Company  recently  cut  over  31,000  board  feet  of 
lumber  from  a  single  tree  near  Collins,  Idaho. 

RANGE  AND  OGCUBRENCE 

Western  white  pine  ranges  from  the  lower  elevations  in  British 
Columbia  south  to  the  high  mountains  of  southern  California  and  from 
western  Montana  to  the  coast  in  Washington.  Its  optimum,  however, 
is  found  in  northern  Idaho,  where  it  reaches  its  greatest  commercial 
importance.  In  fact,  it  only  occurs  in  isolated  bodies  outside  of  the 
''pan-handle"  of  Idaho  and  contiguous  portions  of  Montana  aud  Wash- 
ington. It  is  primarily  a  tree  of  the  deep,  rich  soils  at  elevations  from 
two  thousand  to  three  thousand  five  hundred  feet  above  sealevel.  Its 
rapid  growth  is  dependent  upon  fertile,  well-drained  soils  and  favorable 
climatic  influences,  such  as  heavy  rainfall  and  comparative  evenness  of 
temperature.  In  northern  Idaho  the  precipitation  ranges  from  thirty 
to  fifty-five  inches  per  annum,  including  an  exceedingly  heavy  fall  of 
snow  from  November  1  to  April  1.  It  is  conmionly  found  on  favorable 
north  slopes,  where  a  moist,  well-drained  soil  occurs,  but  it  is  never 
present  on  southern  aspects  or  on  high,  rocky  elevations.  It  is  the 
dominant  tree  along  with  the  western  larch  in  the  northern  Idaho 
forests.  These  two  species  usually  form  the  upper  story  of  a  two-storied 
forest.  The  lower  story  is  composed  of  western  red  cedar,  western  hem- 
lock, and  white  fir.  Douglas  fir  is  occasionally  associated  with  the  west- 
em  white  pine  as  a  co-dominant  tree  in  the  crown  cover.  Stands  up  to 
150,000  board  feet  per  acre  are  common,  and  timber  sales  have  been 
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made  cutting  from  50,000  to  60,000  feet  per  acre  over  considerable  areas. 
White  pine  reaches  its  best  development  in  mixed  stands,  although  it 
occasionally  occurs  pure  in  small  patches. 

MARKETS  AND  USES 

The  western  white  pine,  both  in  the  quality  of  its  wood  and  external 
appearance,  is  very  similar  to  its  near  relative,  the  eastern  white  pine. 
The  chief  difference  in  external  appearance  is  the  cigar-shaped  crown 
in  contrast  to  the  more  spreajling  branches  of  the  eastern  pine.  The 
wood  is  inclined  to  be  more  pinkish  in  color  and  the  bark  is  not  nearly 
as  thick  as  in  the  eastern  variety.  As  is  commonly  known,  white  pine 
has  a  greater  variety  of  distinct  uses  than  any  other  wood  in  the  country, 
and  both  the  eastern  and  western  white  pines  are  used  interchangeably 
for  the  same  purposes.  The  western  species  is  now  coming  into  great 
demand  for  use  as  match  stock.  On  the  eastern  markets,  even  as  far 
as  Xew  York,  it  commonly  undersells  the  eastern  white  pine  from  $3  to 
$5  per  thousand  for  companion  grades.  Its  demand  on  the  western 
markets  is  best  appreciated  by  a  comparison  of  its  stumpage  value  with 
that  of  species  from  the  same  region.  Western  white  pine  brings  from 
$4  to  $6  per  thousand  board  feet  on  the  stump,  whereas  Engelmann 
spruce  and  western  yellow  pine  bring  about  $3  and  western  larch  and 
Douglas  fir  from  $1  to  $2.  Northern  Idaho  is  traversed  by  four  trans- 
continental railroads  and  their  many  branches,  giving  excellent  trans- 
portation facilities  for  marketing  forest  products  under  the  most  advan- 
tageous conditions. 

SILVICULTURAL  CHARACTERISTICS  BEARING  ON  MANAGEMENT 

In  rapidity  of  growth  the  western  white  pine,  under  favorable  influ- 
ences, is  one  of  the  most  rapid  growing  trees  in  the  West,  probably 
second  only  to  the  Douglas  fir.  Seedlings  have  been  measured  showing 
an  average  growth  of  20  inches  in  height  per  annum  over  a  period  of 
several  years.  Jt  will  commonly  produce  from  five  himdred  to  one 
thousand  board  feet  per  acre  per  annum.  In  tolerance  it  is  about 
medium,  being  not  nearly  as  intolerant  as  the  Douglas  fir  or  larch,  nor 
as  tolerant  a*s  its  other  associates,  western  red  cedar,  white  fir,  and  west- 
ern hemlock.  It  will  stand  suppression,  however,  over  a  great  period 
of  years.  One  small  tree,  only  3U>  inches  in  diameter,  was  found  to  be 
137  years  old;  another  tree,  after  growing  rapidly  for  the  first  15  years, 
stood  suppression  for  over  100  years  and  w-as  still  healthy  in  its  external 
appearance.  "Western  white  pine  is  not  very  fire  resistant;  a  severe 
ground  fire  burning  over  the  needles  will  commonly  scorch  through  the 
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cambium  layer  and  kill  the  tree.  This  is  an  important  factor  in  fire 
protection,  especially  in  connection  with  brush  disposal.  Mature  trees 
are  very  apt  to  be  attacked  by  heart-rot,  so  that  the  per  cent  of  cull  in 
over-mature  timber  is  frequently  as  high  as  26  per  cent,  although  the 
average  under  all  conditions  is  about  12  per  cent.  Altogether,  however, 
it  is  comparatively  free  from  insects  and  fungous  attacks.  Owing  to 
a  broad,  shallow  root  system,  it  is  very  liable  to  windthrow. 

It  is  a  prolific  seeder,  and  reproduces  thriftily  on  cut-over  areas.  It 
seeds  abundantly  every  five  to  seven  years,  but  some  seed  is  produced 
nearly  every  year.  Its  seed  has  been  known  to  carry  distances  of  nearly 
one  mile,  and  it  restocks  itself  readily  on  cut-over  or  burned-over  areas 
up  to  one-half  mile.  Its  seeds  require  a  mineral  seed  bed  for  germina- 
tion. In  competition  with  other  reproduction  it  is  always  successful, 
and  forms  the  dominant  portion  of  nearly  every  area  restocking  with 
young  growth.  Altogether  natural  reproduction  in  this  region  is  very 
thrifty  and  is  always  assured  whenever  fires  are  kept  out. 

SILVIGULTURAL   MANAGEMENT 

A  great  variety  of  silvicultural  systems  have  been  experimented  with 
in  cutting  western  white  pine.  The  selection  system  and  several  kinds 
of  clear-cutting,  with  seed  trees  left  both  individually,  in  groups,  and  in 
strips,  have  been  tried.  In  the  early  timber  sales  on  the  Kaniksu  ITa- 
tional  Forest,  clear-cutting  was  tried,  leaving  from  six  to  ten  tall,  vigor- 
ous seed  trees  per  acre.  On  account  of  the  shallow  root  system,  the 
seed  trees  were  readily  blown  over  as  soon  as  the  clear-cutting  was 
finished. 

The  selection  system  with  the  diameter-limit  adaptation  has  also  been 
tried  but  with  poor  success.  If  the  stand  is  opened  too  much,  the  trees 
are  liable  to  windthrow.  On  the  other  hand,  if  the  stand  is  not  opened 
up  suflBciently,  reproduction  on  account  of  its  comparative  intolerance 
does  not  develop  sufficiently  and  compete  successfully  with  the  over- 
wood.  In  addition,  in  these  dense  northern  Idaho  forests,  logging  under 
the  selection  system  is  expensive  and  the  stumpage  price  must  be  sac- 
rificed somewhat. 

Clear-cutting  and  leaving  seed-plots,  consisting  in  the  aggregate  of 
about  25  per  cent  of  the  area,  was  next  tried,  and  there  is  every  reason 
to  believe  that  this  system  of  silvicultural  treatment  will  be  successful. 
These  seed-plots  have  not  been  left  with  any  regularity,  either  in  size  or 
distribution.  They  consist  of  healthy,  middle-aged  trees  left  on  van- 
tage points  for  seed  distribution,  such  as  on  hilltops,  projecting  ridges, 
along  steep  slopes,  etc.     However,  there  are  several  disadvantages  in  this 


330         PROCEEDINGS  OF  THE  SOCIETY  OF  AMERICAN  FORESTERS 

method.  In  the  first  place,  there  is  a  great  deal  of  capital  tied  up  in 
the  trees  left  standing  in  the  seed-plots,  which  is  not  offset  by  increased 
growth.  Secondly,  this  system  works  a  hardship  on  the  logging  oon-^ 
tractor  in  forcing  him  to  cut  around  the  seed-plots,  thus  increasing  the 
cost  of  skidding  and  hauling  and  the  unit  cost  per  thousand.  Brides 
these,  there  will  undoubtedly  be  a  difficulty  encountered  when  the  time 
comes  to  log  off  the  seed-plots.  They  will,  presumably,  be  cut  when 
reproduction  has  been  established.  Logging  these  seed-plots  will  cause 
considerable  injury  to  reproduction.  The  stumpage  price  will  have  to 
be  lowered  considerably  on  account  of  the  small  and  isolated  areas 
logged,  and,  in  addition,  there  will  be  no  provision  for  reproduction  on 
the  seed-plot  areas  themselves,  unless  they  are  cut  just  after  a  seed 
year  or  else  planted. 

To  meet  these  objections,  planting  by  the  contractor  has  been  sug- 
gested. This  would  mean  an  added  cost,  and  a  commensurate  reduction 
in  stumpage  price  would  have  to  be  made.  Whether  planting  would  be 
successful,  and  whether  it  should  be  done  by  the  Forest  Service  and 
charged  to  the  lumberman,  or  done  by  the  lumberman  under  supervision 
of  the  Forest  Service,  are  still  questions  to  be  solved.  Another  objec- 
tion has  been  met  in  the  legal  aspects  of  the  situation;  that  is,  it  maj 
not  be  possible  to  reduce  the  stumpage  price  on  National  Forests  in  con- 
sideration of  the  added  cost  of  planting. 

Brush  disposal  has  always  been  an  exceedingly  important  question  in 
the  management  of  western  white  pine.  Northern  Idaho  presents  con- 
ditions which  are  probably  the  extreme  in  fire  risk  in  the  whole  country. 
These  conditions  are  the  long-continued  dry  periods,  frequently  from 
early  spring  until  late  in  the  summer;  the  immense  accumulation  of 
dead  and  down  timber  and  inflammable  brush  in  the  forest,  along  with 
the  thick,  dry  duff  and  the  continuous,  dense  coniferous  forest  cover  on 
steep  topography  unbroken  by  natural  conditions  for  fire  protection,  such 
as  mountain  parks,  broad  rivers,  treeless  areas  above  timber  line,  etc. 

At  first,  piling  and  burning  brush  was  adopted.  This  cost  from  50 
cents  to  $1  per  thousand.  After  logging  there  is  always  an  immense 
accumulation  of  brush,  tops,  and  waste  material  on  the  ground  which 
should  be  burned,  both  to  reduce  the  fire  hazard  and  to  provide  a  mineral 
seed-bed  for  the  germination  of  seeds.  It  was  found  that  a  reduction  in 
stumpage  price  was  necessary  to  provide  for  this  extra  cost  of  brush 
piling  and  burning.  To  overcome  this  high  cost,  burning  broadcast  was 
tried.  Brush  on  clear-cut-timber  sale  areas  is  sometimes  from  3  to  6 
feet  deep  on  an  average  over  the  whole  area,  and  this  method  has  proven 
very  successful.     It  was  necessary,  however,  to  clean  out  a  strip  from 
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50  to  75  feet  wide  around  the  entire  area  before  the  brush  could  be 
burned  without  injury  to  the  seed-plots  or  adjacent  standing  timber. 
The  question  of  spring  or  fall  burning  became  an  important  one.  When 
the  brush  was  burned  broadcast  in  the  spring,  smoldering  logs  and 
stumps  added  considerably  to  the  fire  risk  in  the  summer  season.  Some 
of  these  logs  and  stumps  would  smolder  for  two  months  or  more.  On 
the  other  hand,  fall  burning  presented  the  difficulty  of  unsatisfactory 
results,  due  to  early  fall  rains  or  else  the  liability  of  a  dangerous  forest 
fire  resulting  from  too  early  burning.  It  was  found  that  burning  broad- 
cast cost  only  from  3  to  6  cents  per  thousand  and  obtained  very  much 
better  results  as  far  as  getting  rid  of  the  brush  and  providing  a  mineral 
seed-bed  were  concerned. 

In  clear-cutting  methods  it  was  aimed  to  get  rid  of  the  hemlock,  which 
is  a  very  prolific  seeder.  In  northern  Idaho  hemlock  is  unmerchantable 
on  account  of  the  heart-rot  which  is  present  in  practically  every  tree 
of  merchantable  size.  It  is,  therefore,  the  worst  kind  of  a  forest  weed. 
To  get  rid  of  the  hemlock  it  was  found  necessary  to  slash  down  all  the 
remaining  trees  on  clear-cut  areas,  so  that  the  pine  would  have  a  chance 
to  seed  up  from  the  seed-plots  without  dangerous  competition  from  the 
hemlock  already  present  on  the  logged  areas.  This  slashing  has  cost 
all  the  way  from  21^  cents  to  12  cents  per  thousand.  It  was  found 
that  there  was  an  average  of  about  60  trees  from  2  to  40  inches  in 
diameter  per  acre  left  after  logging  to  slash.  Winter  burning  has  been 
tried,  but  it  has  not  proven  a  positive  success  as  yet. 

On  account  of  its  comparative  intolerance  and  favorable  regenerative 
qualities,  western  white  pine  should  be  managed  on  some  clear-cutting 
system,  with  reproduction  secured  either  from  seed-trees  in  plots  or  in 
strips.  If  it  is  found  inadvisable  to  leave  seed-plots  or  strips,  artificial 
reproduction  will  have  to  be  resorted  to.  It  is  certainly  not  a  tree 
adaptable  to  management  under  the  selection  or  shelterwood  systems. 

ROTATION  AND  YIELD 

Western  white  pine  can  be  managed  successfully  on  rotations  of  from 
40  to  70  years.  The  aim  should  be  to  grow  mixed  stands  rather  than 
pure  stands,  because  of  the  better  quality  of  the  timber  and  the  greater 
production  per  acre  in  mixed  stands.  Maximum  yields  from  120,000 
to  150,000  board  feet  per  acre  are  possible  on  longer  rotations.  With 
the  development  of  market  conditions  in  northern  Idaho,  it  will  un- 
doubtedly be  possible  in  a  few  years  to  make  profitable  thinnings. 
Market  conditions  in  northern  Idaho  are  probably  as  good  as  anywhere 
in  the  West,  on  account  of  the  intensive  development  of  agriculture, 
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excellent  transportation  facilities^  rapid  growth  of  mannfactoring  in- 
dustries, and  the  great  influx  of  settlers  throughout  this  productive 
region. 

From  figures  gathered  by  P.  I.  Rockwell  on  the  Kaniksu  Forest,  the 
following  table  is  presented  to  show  the  normal  and  empirical  yields  in 
stands  of  white  pine  which  averaged  80  per  cent  pure.  Plots  were  meas- 
ured on  both  the  bottoms  and  lower  north  slopes  for  this  table : 

Age  KormRl  yield        Empirical  yield 

in  jearn  per  acre  per  acre 

40 14,000  10,000 

50 26,000  18,000 

60 39,000  27,000 

70 51,000  35,000 

80 63,000  44,000 

90 76,g00  52,000 

100 88,000  61,000 

110 100,000  69,000 

120 113,000  78,000 

130 125,000  86,000 

140 138,000  95,000 

150 150,000  103,000 

Based  upon  the  above  empirical  yields,  the  following  soil  expectation 
values  were  determined.  From  this  table  it  will  be  seen  at  once  that 
the  50-year  rotation  is  the  most  profitable.  However,  it  may  not  be 
possible  to  establish  natural  reproduction  immediately  after  cutting,  as 
presumed  in  this  table. 

Length  of  rotation  Empirical  yield     Soil  expeciAtion 

in  y«»nrB  Feet  B.  M.  value 

40 10,000  $43.20 

50 18,000  52.25 

70 35,000  49.57 

100 01,000  32.48 

120 78,000  22.13 

150 103,000  11.37 


^ 


In  deriving  the  above  values  the  following  table  was  used : 

Soil  expectation  value  (S)  =  — —;r-: — t~~  —  E- 

LOl)*^  —  1 

When  T  =  Yield  per  acre  in  thousand  board  feet  X  $10  (estimated  stumpage 
value  per  M). 
p  =  Annual  rate  of  Interest,  3  per  cent  (Government  rates), 
r  =  Number  of  years  in  rotation. 

E  =  Capitalized  cost  of  administration  (3  cents  per  acre). 
C  =  Cost  of  establishing  stand.    (No  cost  Is  used  here,  for  it  is  estimated 
that  sufficient  restocking  will  take  place  under  the  clear  cnttinir 
system  of  regeneration.) 


THE  HIMALAYAN  FORESTS 

BY  W.   H.    OALLAHEB 
Contributed 

The  coniferous  forests  of  India  are  of  peculiar  interest  to  the  Ameri- 
can forester,  both  on  account  of  their  resemblance  to  those  found  in  many 
parts  of  the  United  States  and  because  silviculture,  though  practiced 
for  40  years,  has  not  yet  assumed  that  artificiality  so  often  characteristic 
of  European  forestry.  The  timbered  areas  imder  scientific  treatment 
are  still  in  the  transition  stage  between  a  virgin  and  an  intensively 
managed  condition.  Hence  the  success  or  failure  of  different  silvicul- 
tural  methods  in  India  can  often  be  a  criterion  of  similar  methods  in 
our  owji  country. 

The  visitor  to  the  hill  region  of  northern  India  is  first  impressed  by 
the  remarkable  similarity  existing  between  the  altitudinal  types  of  the 
Himalaya  and  the  Sierra  Nevada  Mountains — a  likeness  which  is  so 
close  that  the  individual  species  found  at  corresponding  elevations  in 
each  region  are  almost  duplicates.  Hence  the  characteristics  and  the 
problems  of  management  of  the  Himalayan  forests  can  be  shown  most 
clearly  by  a  comparative  description. 

At  low  elevation,  usually  below  3,600  feet,  on  the  outlying  ranges  of 
the  Himalayan  hills  lies  a  hardwood  zone  roughly  corresponding  to  the 
oak,  chaparral,  and  digger-pine  belt  of  the  Sierras.  It  yields  little  or 
no  saw  timber,  is  coppiced  on  a  short  rotation  to  produce  cordwood,  and 
is  more  characteristic  of  the  plains  woodlands  than  of  the  true  moun- 
tain forests. 

Above  the  hardwoods,  beginning  approximately  at  3,600  feet,  chir 
pine  (Pinus  longifolia)  makes  its  appearance.  This  tree  is  the  coim- 
terpart  of  yellow  pine  (Pimis  ponderosa)  during  the  sapling  and  pole 
stages.  Its  long  leaves,  three  to  a  bundle;  cones,  three  to  four  inches 
in  length;  straight,  cylindrical  bole,  yellow  bark,  and  strong,  resinous 
wood  all  manifest  the  unmistakable  similarity  between  the  two  species. 
In  old  age  its  crown  does  not  have  the  long,  narrow,  columnar  shape  so 
characteristic  of  yellow  pine,  but  rather  the  irregular  or  rounded  head 
of  the  long-leaf. 

The  species  most  commonly  associated  with  chir  are  ban  (Quercus 
incana)y  burran  (Rhododendron  arhoreum)^  aiyar  (Pieris  ovalifolia), 
and  to  a  lesser  extent  maples,  horse-chestnut,  and  others.     It  exhibits, 
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however,  a  marked  tendency  to  form  pure  and  often  even-aged  stands^ 
forcing  out  other  species  except  the  more  tolerant  ban.  Under  any 
conditions  the  associates  are  of  little  importance,  as  the  entire  mer- 
chantable content,  which  averages  10,000  to  12,000  feet,  b.  m.,  per  acre, 
is  composed  of  chir.  The  fonnation  of  even-aged  stands  is  particularly 
easy  on  account  of  the  prolific  seed-bearing  capacity  of  the  mature  trees 
and  the  astounding  success  of  the  seedlings  in  competition  with  the 
heavy  grass  cover  which  is  typical  of  the  region. 

The  chir  type  is  encountered  between  3,600  and  6,500  feet,  or  at  ele- 
vations usually  populated  by  various  ITindu  hill  tribes,  which  are  both 
agricultural  and  pastoral  in  occupation.  The  timber  cover  is  conse- 
quently frequently  interspersed  with  comparatively  extensively  culti- 
vated areas  of  farming  and  grazing  land.  Since  most  of  the  hardwoods, 
especially  ban  (oak),  are  lopped  annually  to  provide  winter  browse  for 
sheep,  goats,  and  cattle,  and  a  considerable  percentage  of  the  chir  zone 
is  covered  with  the  ban  type,  large  tracts  have  deteriorated  to  open  low 
scrub.  This  condition  is  being  remedied,  so  far  as  is  possible  without 
undue  hardship  on  the  pari;  of  the  villagers,  by  systematic  regulation  of 
grazing  and  prohibition  of  lopping  on  areas  under  administration. 

Chir  is  customarily  treated  under  the  shelterwood  system.  The  first 
working  plans  proposed  the  removal  of  the  stand  in  two  fellings,  but 
this  proved  unsatisfactory  in  many  cases  and  it  has  been  found  necessary 
to  adopt  more  intensive  methods.  Later  rules  prescribe  a  heavy  pre- 
paratory or  seed  cutting  to  remove  about  two-thirds  of  the  stand,  and  a 
series  of  after-cuttings  at  intervals  of  about  four  years.  All  small  trees, 
as  well  as  deteriorating  and  unhealthy  ones,  are  felled,  and  strong  em- 
phasis is  laid  on  leaving  the  best  seed-bearers,  even  though  they  may 
not  be  adding  increment  with  such  rapidity  as  other  faster-growing  but 
less  productive  ones.  Fifteen  to  twenty  trees  per  acre  are  left  after  the 
seed  felling,  six  to  eight  after  the  first  removal  felling,  one  to  two  after 
the  second,  and  all  are  taken  on  the  third.  The  last  seed-cutting  within 
a  periodic  block  is  finished  ton  years  before  the  end  of  the  period,  so 
that  there  may  be  no  doubt  about  getting  the  whole  regenerated  within 
the  allotted  time.  While  fellings  are  customarily  about  four  in  num- 
ber, the  present  tendoncy  soenis  to  bo  toward  fewer  cuttings,  with  more 
consideration  for  the  needs  of  each  individual  patch  rather  than  the 
whole  compartment,  and  to  lay  stress  on  the  fire  danger,  since  fire,  once 
started,  is  usually  of  such  intensity  as  to  destroy  all  living  trees,  large 
and  small.  The  diameter  limit  is  commonly  fixed  at  28  inches,  with  a 
rotation  of  the  number  of  years  needed  to  attain  this  size,  as  obtained 
from  growth  figures  based  on  trees  in  the  virgin  forest.    No  yield  tablets 
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for  even-aged  stands  such  as  are  produced  by  the  shelter-wood  system 
exist,  and  it  may  be  necessary  in  the  future  to  change  both  rotation  and 
diameter  limit.  Hence  the  figures  used  are  very  conservative,  due  to  the 
well-known  fact  that  the  culmination  of  the  mean  annual  increment  of 
the  individual  trees  does  not  coincide  with  that  of  the  stand,  but  is  much 
later.  It  is  admitted  that  if  it  were  not  for  some  loss  in  conversion  a 
smaller  exploitable  diameter  and  a  corresponding  rotation  would  be  more 
profitably  employed,  but  28  inches  seems  most  satisfactory  at  present,  all 
things  considered. 

Each  working  circle  is  divided  into  a  number  of  equi-productive 
blocks  and  the  rotation  into  a  similar  number  of  periods,  during  which 
each  block  is  in  its  turn  regenerated.  On  the  Juansar  Forest  the  re- 
generation period  of  35  years  and  a  140-year  rotation  give  four  periodic 
blocks,  these  being  again  divided  into  four  compari;ments  for  conven- 
ience, although  fellings  are  prescribed  by  the  periodic  block.  Ten  years 
before  the  end  of  the  first  period  the  stand  remaining  in  the  periodic 
block  under  regeneration  is  reestimated  and  the  result  is  divided  by  10 
to  obtain  the  annual  cut  for  the  last  10  years.  In  this  way  any  inac- 
curacies in  the  estimates  are  spread  over  10  years. 

Occasionally  the  selection  system  is  followed  in  treating  chir.  Such 
is  the  case  on  the  Nanai  Tal  Forest,  where  much  of  the  stock  of  mer- 
chantable timber  had  been  removed  before  the  inauguration  of  sys- 
tematic management  necessitating  a  conservative  cutting  policy.  The 
group  or  patch  selection  system  is  employed  with  the  idea  of  improving 
the  condition  of  the  stand  and  bettering  its  yield.  It  is  generally 
accepted,  however,  that  chir  is  not  adapted  to  this  treatment,  and  it  is 
employed  only  under  such  adverse  conditions  that  a  clear-cutting  policy 
is  impossible. 

Systematic  light  burning  is  successfully  carried  on  in  many  working 
circles.  Large  areas  are  burned  yearly  in  the  cold  months  for  the 
double  purpose  of  providing  better  grass  and  in  order  to  reduce  the 
fire  danger  near  stands  being  regenerated.  The  practice  has  the  addi- 
tional advantage  of  killing  off  ban  (oak)  seedlings  which  are  prone  to 
come  in  on  protected  areas.  It  is,  of  course,  employed  only  in  forests 
felled  under  the  shelterwood  system,  where  it  is  imperative  to  protect 
the  areas  densely  stocked  with  young  trees  till  they  are  past  the  age 
where  they  will  be  killed  outright  by  surface  fires. 

The  chir  yields  an  excellent  grade  of  turpentine  and  has  been  suc- 
cessfully worked  of  late  years,  practically  driving  foreign  competition 
out  of  India.  The  most  up-to-date  cup-and-gutter  system  is  used. 
The  three-inch  faces  are  chipped  every  eight  days  and  worked  up  to  a 
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height  of  about  eight  feet.  Trees  under  18  inches  in  diameter  are  not 
tapped;  those  18  to  24  inches  in  diameter  have  one  cup,  and  trees  oyer 
24  inches  have  two.  The  yield  is  four  to  ten  pounds  of  gum  per  tree 
for  the  season. 

Above  the  chir  pine  lies  the  deodar  (Cedrus  deodara)  belt^  usually 
between  the  elevations  of  6,000  to  9,000  feet.  In  its  optimum  range, 
between  7,000  and  8,600  feet,  deodar  often  constitutes  the  predominant 
tree  in  the  forest,  which  averages  about  17,000  feet,  b.  m.,  per  acre. 
Commonly  associated  with  it  are  kail  (Pinus  excelsa)  and  moru  and 
ban  oaks.  In  the  upper  limits  of  the  zone  karshu  (Quercus  semecarpi- 
folia),  spruce  {Picea  morinda),  and  silver  fir  (Abies  webhiana)  form 
an  increasing  proportion  of  the  stand,  while  deodar  is  confined  to  the 
ridges  and  well-drained  slopes.  No  tree  with  the  same  characteristics 
as  the  deodar  is  found  in  the  Sierras,  but  by  drawing  the  altitudinal 
limits  of  the  zone  closer  together  and  regarding  its  associate,  kail,  as 
the  key  tree,  the  sugar-pine  type  is  closely  approximated.  Kail,  like 
sugar-pine,  is  classified  in  the  white-pine  group,  having  bluish-green 
foliage,  five  leaves  to  a  bundle;  long,  horizontal  branches,  drooping 
cones,  grayish-brown  bark,  and  soft,  easily  worked  wood,  slightly  darker 
in  color  than  sugar-pinei  Its  most  noteworthy  characteristic  as  com- 
pared with  sugar-pine  is  its  capacity  for  reproducing  in  such  quantity 
as  to  almost  exclude  the  more  valuable,  but  in  youth  slower  growing, 
deodar. 

Since  the  greater  part  of  the  deodar  forests  contain  other  and  un- 
salable species  often  in  large  quantities,  no  clear-cutting  system  can  be 
introduced.  Furthermore,  the  climatic  dangers  are  probably  too  severe 
to  allow  the  introduction  of  any  such  method.  The  type  lends  itself 
naturally  to  the  selection  system  which  in  practice  is  made  as  patchy 
as  local  conditions  will  allow.  Groups  average  a  quarter  of  an  acre 
in  extent,  although  many  are  larger,  especially  where  there  is  an  abun- 
dance of  reproduction  already  upon  the  ground.  In  mixed  forests 
openings  around  seed-bearing  deodar  are  made  by  felling  or  even  gird- 
ling other  species. 

The  diameter  limit  is  customarilv  28  inches,  with  a  rotation  of  150 
years.  Reorulation  of  cut  being  by  the  single-tree  method,  this  diameter 
limit  must  be  strictly  followed,  except  with  badly  diseased  or  dying  trees, 
in  spite  of  the  fact  that  accurate  volume-growth  figures  are  extremely 
difficult  to  obtain.  The  inelasticity  of  the  method  is  clearly  apparent 
in  many  compartments  where  good  silviculture "  apparently  demands  a 
less  rigid  application  of  the  diameter  limit.  Since  the  felling  of  mer- 
chantable species  other  than  deodar  is  regulated  by  area,  the  number  of 
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compartments  is  a  multiple  of  the  felling  cycle  of  deodar^  which  is,  in 
turn,  a  submultrple  of  the  rotation,  or  most  often  16  years. 

Kail,  by  reason  of  its  superior  height  growth  in  the  seedling  and 
sapling  stage,  often  crowds  out  deodar.  It  was  formerly  regarded  as  a 
weed  tree,  but  a  rapid  increase  in  value  of  late  years,  coupled  with  its 
rapid  growth,  has  rendered  it  less  obnoxious  to  the  forester.  Whereas 
it  was  formerly  cut  or  girdled  to  favor  even  scattered  deodar,  it  is  now 
touched  as  little  as  possible,  and  is  favored  on  areas  not  particularly 
adapted  to  deodar.  During  the  systematic  cleanings  which  are  made 
every  10  years,  only  those  trees  which  are  suppressing  healthy  deodar 
are  felled  or  girdled,  or,  if  not  directly  above,  pruned  of  branches  to  a 
distance  of  six  to  eight  feet  above  the  top  of  the  deodar.  All  other 
species  are  accorded  a  similar  treatment  in  favor  of  kail. 

Grazing  is  so  handled  as  to  be  of  very  material  assistance  in  regenerat- 
ing cut-over  areas  in  the  deodar  type.  A  cut-over  compartment  is 
heavily  grazed  for  two  or  three  years,  the  sheep  and  goats  tearing  up 
the  ground  cover  and  trampling  down  the  dense  undergrowth ;  then  the 
area  is  closed  to  grazing,  allowing  an  opportunity  for  reproduction  to 
come  in.  After  about  seven  years  the  accumulation  of  brush  and  grass 
has  become  so  dense  that  further  regeneration  is  impossible,  while  seed- 
lings already  upon  the  ground  are  so  well  established  that  they  will  not 
be  killed  by  sheep.  Therefore  the  tract  is  reopened  to  grazing,  allowing 
the  brush  and  grass  to  be  trampled  out  and  eaten,  and  unregenerated 
patches  have  a  second  opportunity  to  seed  in  when  the  compartment 
is  closed.  This  alternate  opening  and  closing  is  repeated  till  the  young 
seedling  growth  is  uniformly  established  and  the  entire  area  is  per- 
manently opened  to  light  grazing. 

At  about  9,000  to  9,500  feet  the  deodar  disappears,  giving  way  to  the 
fir  and  spruce.  Silver  fir  (Abies  webbiana)  and  spruce  (Picea  morinda) 
are  the  chief  components  of  the  type  which  may  be  likened  to  the  red-fir 
belt  of  the  Sierras.  The  forest  is  patchy,  dense  stands  alternating  with 
open  glades  or  rocky  outcrops,  and  the  region  as  a  whole  assuming  sub- 
alpine  characteristics.  Fpon  rocky  south  slopes  deodar  is  found  well 
above  9,000  feet  clinging  to  the  steep  precipitous  slopes.  Here  they  are 
inaccessible  to  logging  operations,  even  as  carried  out  in  India,  but  act 
in  preventing  snow  avalanches  from  starting,  as  well  as  adding  greatly  to 
the  picturesqueness  of  the  region.  On  the  other  hand,  fir  and  spruce 
descend  into  the  deodar  zone  on  cool,  north  slopes  and  canyon  sides. 
Other  species  found  within  the  type  are  maples,  service  trees,  yew,  and 
karshu  (Quercus  semecarpifolia) . 
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While  the  forest  is  patchy,  individual  stands  are  very  heavy,  often 
running  30,000  to  60,000  feet,  b.  m.,  per  acre.  (The  estimates  given 
here  were  made  by  the  writer  ocularly  upon  the  ground.  Indian  for- 
esters make  tree  counts  by  six-inch-diameter  groups,  and  these  are  not 
converted  by  means  of  volume  tables  into  cubic  or  board  foot  measure.) 
The  timber  is  very  defective  from  heart-rot  and  shaky  butts,  and  lies  so 
far  distant  from  drivable  streams  that  it  is  practically  unmerchantable 
at  present.  Limited  areas  are  cut  in  the  vicinity  of  a  few  hill  towns 
to  supply  the  local  demands  for  firewood,  but,  like  their  American 
relatives,  spruce  and  fir  are  poor  fuel  woods.  Where  cut  the  selection 
system  is  followed,  cutting  being  ver}'  light  on  account  of  danger  of 
wind-throw  and  snow-break  and  as  a  protection  to  the  younger  age 
classes. 

Each  altitudinal  zone  has  a  well-defined  oak  type.  Ban  oak  througli 
the  chir  belt  plays  an  important  part  in  providing  fuel  to  the  villageis 
and  winter  food  to  their  live  stock.  Both  moru  and  ban  oaks  occur  in 
the  deodar  zone,  though  seldom  forming  pure  stands  of  any  extent 
In  the  fir  spruce  type  the  Karshu  is  often  of  importance.  At  high 
elevations,  principally  above  the  well-defined  fir  and  spruce  areas,  it 
forms  pure  stands  which  are  quite  unlike  anything  in  America  in  sim- 
ilar situations.  The  sensation  of  passing  through  a  well-defined  sub- 
alpine  type  into  a  dense  stand  of  leathery-leaved  evergreen  oaks  fes- 
tooned with  tattered  strips  of  dark-colored  moss  is  never  forgotten. 

The  oak  types  are  occasionally  merchantable  for  cordwood,  this  of 
course  depending  upon  their  proximity  to  towns  demanding  a  supply 
of  fuel  wood.  Coppice  with  standards  is  best  adapted  to  such  stands. 
The  rotation  is  usually  40  years,  leaving  10  to  30  standards  per  acre, 
a  portion  of  these  being  removed  after  each  felling.  Growth  is  ex- 
tremely slow,  particularly  at  higher  elevations,  and  it  is  with  great  diffi- 
culty that  the  type  can  be  profitably  handled. 

Artificial  regeneration  in  India  is  still  in  the  experimental  stage.  The 
cost  per  acre  of  successful  planting  has  been  found  to  be  incommensu- 
rate with  the  probable  financial  returns.  Furthermore,  the  most  im- 
portant coniferous  species  reproduce  naturally  so  well  that  artificial 
methods  are  seldom  necessary.  Deodar  has  been  experimentally  planted 
on  areas  at  present  understocked  or  covered  with  unmerchantable  oak. 
Work  must  be  performed  with  the  utmost  care ;  plants  are  transplanted 
from  small  wickerwork  pots,  where  they  have  remained  during  their  last 
year  in  the  nursery;  a  mat  of  grass  and  leaves  is  formed  about  each 
plant  in  order  to  hold  moisture :  and  gi-ass  must  be  cut  away  in  the  plan- 
tation for  about  five  years.     Kail  is  often  successfully  sown  by  seed- 
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spots  and  is  a  species  well  adapted  to  this  method.  Plantations  which 
cost  6  to  20  rupees  per  acre — an  equivalent  of  $60  to  $200  under  labor 
conditions  as  they  are  in  the  United  States — are  seldom  entirely  suc- 
cessful, in  spite  of  the  care  and  thoroughness  with  which  the  work  is 
carried  out. 

Cheap  labor  in  India  has  made  possible  logging  and  exporting  methods 
which  are  impossible  in  the  United  States.  It  has  furthermore  enabled 
the  construction  of  excellent  trail  systems  and  export  roads  without 
great  expense  in  a  region  diflScult  of  access.  Fire-lines,  which  must  be 
biannually  cut  over  and  burned,  have  been  constructed  at  critical  points 
within  the  fire  danger  zone,  and  are  kept  in  good  condition  at  an  expense 
which  is  commensurate  with  their  value  to  the  forest  administration. 
In  fact,  all  technical  questions  assume  a  different  aspect  where  labor  is 
readily  obtainable  at  $3.30  a 'month.  Therefore  the  manner  of  solution 
of  such  problems  in  India  is  no  criterion  of  their  probable  solution  in 
America.  Nevertheless  the  character  of  work  which  will  prevail  and  the 
results  that  will  be  obtained  20  years  from  now  in  some  parts  of  the 
United  States  can  be  as  clearly  seen  in  the  Himalayan  Mountains  as 
anywhere  in  the  world. 


METHODS  AND  COST  OP  BRUSH  PILING  AND  BRUSH 

BURNING  IN  CALIPORNIA 

PREPARED  IN  THE  FOREST  SERVICE  BY  J.  ALFRED  MITOHELL 

INTRODUCTION 

In  the  mixed  forests  of  California  piling  and  burning  has  come  to  be 
the  accepted  method  of  brush  disposal  on  National  Forest  sale  aress. 
This  is  due  to  three  things :  the  necessity  of  rendering  cut-over  areas  as 
immune  from  fire  as  possible;  the  general  belief  that  under  California 
conditions  the  protection  of  the  litter  is  not  needed  to  insure  reproduc- 
tion ;  and  finally,  a  desire  to  render  the  areas  as  sightly  as  possible.  While 
the  last  is  purely  a  superficial  reason,  it  has  undoubtedly  played  an  im- 
portant part  in  the  popularity  of  this  method  of  brush  disposal,  both  here 
and  elsewhere.  The  second  reason,  although  frequently  advanced,  has 
not  yet  been  conclusively  determined^  for  while,  under  favorable  condi- 
tions, satisfactory  reproduction  has  been  secured  where  the  brush  has 
been  piled  and  burned,  in  other  instances  no  reproduction  has  come  in. 
Whether  or  not  this  has  been  due  to  the  manner  of  brush  disposal,  how- 
ever, is  not  known.  Protection  is  then  the  primary  purpose  of  brush  dis- 
posal in  District  5,  and  the  chief  reason  for  the  adoption  of  the  method. 

The  purpose  of  this  article,  however,  is  not  to  discuss  the  reasons  for 
piling  and  burning,  or  the  ultimate  results,  but  to  summarize  briefly  the 
details  of  the  method  in  use  and  its  cost  as  reported. 

Conditions  Involved 

Sales  of  government  timber  in  District  5  have  been  largely  confined  to 
two  types  of  forest,  viz,  the  more  or  less  open  stands  of  yellow  and  Jeffrey 
pine  peculiar  to  northeastern  California  and  the  drier  situations  through- 
out the  State  and  the  mixed  stands  of  yellow  pine,  sugar  pine,  white  fir, 
Douglas  fir,  and  incense  cedar  in  varying  proportions,  found  west  of  the 
Sierras.  Conditions  in  these  types  differ  widely,  and  the  difficulties  en- 
countered in  brush  disposal  vary  in  proportion.  In  the  open  yellow-pine 
stands,  for  example,  openings  are  frequent,  the  quantity  of  brush  is  small, 
it  burns  readily,  and  the  danger  of  fire  spreading  is  not  great  if  ordinary 
precautions  are  taken.  In  the  mixed  conifer  stands,  however,  it  is  often 
difficult,  if  not  impossible,  to  find  a  place  where  the  brush  can  be  piled 
for  burning  at  a  safe  distance  from  standing  trees  and  reproduction. 
The  quantity  of  brush  is  also  larger,  and  the  difficulty  both  of  burning 
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and  of  controlling  a  fire  once  started  is  much  greater.  One  other  type  in 
which  the  difficulties  of  brush  disposal  are  even  greater  might  also  be 
mentioned  in  passing.  This  is  the  red  fir  or  subalpine  belt,  where  the 
density  of  the  stands,  the  quantity  of  brush,  and  the  depth  of  litter  make 
brush  piling  and  burning  a  most  difficult  and  hazardous  operation.  Sales 
in  this  region,  however,  have  been  few  and  the  disposal  of  brush  has  con- 
sequently not  been  a  serious  problem. 

From  this  brief  summary  of  conditions  it  will  be  seen  that  up  to  this 
time  the  greatest  problem  has  been  the  disposal  of  brush  under  conditions 
prevailing  in  the  mixed  conifer  forests,  since  the  difficulties  experienced 
in  the  open  yellow  pine  are  nominal  and  sales  in  the  high  fir  belt  have 
been  few. 

BRUSH    PILING 

Time  of  Piling 

Experience  has  shown  that  the  sooner  after  felling  the  brush  resulting 
from  the  tops  and  lops  is  piled,  the  more  expeditiously  and  satisfactorily 
it  can  be  done.  In  the  case  of  yellow  pine  thorough  drying  renders  the 
branches  brittle  and  reduces  the  chopping  necessary  in  trimming  up  the 
tops.  The  smaller  branches  and  needles,  however,  break  oflP  in  handling. 
Thus  while  somewhat  less  effort  is  required  in  trimming,  time  is  lost  in 
picking  up  the  small  branches,  and  the  result,  as  a  whole,  is  less  satis- 
factory. With  other  species  than  the  pines  the  difficulty  of  handling  is 
much  increased  by  delay,  owing  to  the  fact  that  the  branches  in  drying 
become  tough  and  elastic  and  are  exceedingly  difficult  to  cut.  Lying 
over  winter  further  increases  the  difficulties,  the  weight  of  the  snow  caus- 
ing the  branches  to  become  matted  and  hard  to  separate. 

As  a  rule,  the  best  time  to  dispose  of  the  brush  is  immediately  after 
felling.  The  objection  frequently  advanced  to  this  procedure,  however, 
is  that  in  removing  the  logs  the  piles  become  disarranged  and  have  to  be 
remade.  On  the  face  of  it  this  seems  to  be  a  valid  objection,  but  where 
this  method  has  been  tried  out  in  good  faith  it  has  been  found  that  the 
increased  ease  of  logging,  owing  to  having  the  brush  out  of  the  way,  in 
most  cases  more  than  oflPsets  any  additional  work  necessary  to  repair  the 
damage  done  to  the  piles.  The  real  objection  in  the  minds  of  most  lum- 
bermen arises  from  the  fact  that  they  consider  brush  piling  as  a  separate 
operation  and  not  as  a  part  of  logging,  and  find  it  more  convenient  to 
segregate  brush  piling  and  logging  costs  by  employing  separate  crews  and 
doing  the  work  at  different  times.  As  a  matter  of  fact,  where  brush  piling 
is  to  be  done  it  has  been  found  more  economical  to  consider  it  as  a  part 
of  the  logging  operation  and  to  have  the  work  performed  by  the  swampers 
at  the  time  the  trees  are  limbed.     While  this  requires  more  men  at  the 
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time  to  keep  ahead  of  the  loggers,  the  result  is  more  satisfactory  all 
around.  In  any  case  it  has  been  proved  to  be  most  economical  to  limb 
the  trees  clear  to  the  tops  at  the  time  of  felling,  although  piling  may  have 
to  wait  and  be  done  later.  In  no  case,  however,  should  piling  be  delayed 
beyond  the  fall  in  which  the  cutting  is  done. 

Position  and  Size  of  Piles 

In  open  stands  the  size  and  proper  placing  of  brush  piles  is  a  simple 
matter,  as  openings  are  large  and  plentiful  and  the  quantity  of  repro- 
duction is  usually  small.  Where  the  timber  is  heavier,  however,  consider- 
able judgment  is  often  necessary  to  pile  the  brush  to  the  best  advantage. 
Not  only  does  the  density  of  the  standing  timber  and  the  abundance  of 
reproduction  render  brush  disposal  diflScult,  but  the  heavier  cut  and  the 
presence  in  greater  proportion  of  the  more  tolerant  species,  viz,  firs  and 
cedar,  with  their  persistent  limbs,  adds  considerably  to  the  quantity  of 
brush  to  be  disposed  of. 

The  position  and  size  of  brush  piles  under  these  conditions  is  the  mc«t 
important  consideration  in  proper  brush  disposal.  To  begin  with,  the 
size  of  the  piles  should  be  proportioned  to  the  size  of  the  opening  and  the 
proximity  of  reproduction,  since  a  large  pile,  no  matter  how  carefully 
burned,  will  generate  more  heat  than  a  small  one  and  consequently  do 
greater  damage.  Secondly,  the  piles  should  be  so  placed  as  to  take  ad- 
vantage of  slope  and  prevailing  winds,  in  order  that  the  heat  may,  as  far 
as  possible,  be  carried  away  from  the  growth  it  is  desired  to  protect. 

It  is  a  known  fact  that  fire  bums  more  fiercely  up  hill  than  down,  and 
that  wind  is  an  important  factor  in  controlling  it.  Thus  piles  may  be 
placed  closer  to  the  uphill  side  of  standing  trees  and  reproduction  than 
to  the  downhill  side,  and  nearer  to  the  leeward  than  to  tlie  windward. 
By  taking  advantage  of  these  facts  brush  may  often  be  piled  where  it  can 
be  burned  with  safety,  while  otherwise  it  would  have  to  be  left  unbnrned 
or  carried  a  considerable  distance  at. greatly  increased  expense.  These, 
however,  are  the  refinements  of  brush  piling  and  are  not  to  be  expected 
of  the  ordinary  brush  piler.  It  is  surprising,  however,  how  soon  they 
tumble  to  these  things  when  they  have  the  interest  of  the  work  at  heart. 
The  ordinary  precautions,  such  as  piling  the  brush  away  from  trees, 
stumps,  logs,  and  reproduction,  are  of  course  essential,  and  are  usually 
observed  when  the  necessity  of  it  is  sufficiently  emphasized. 

Character  of  Piles  and  Method.s  of  Piling 

Next  in  importance  to  the  proper  size  and  placing  of  the  brush  piles 
is  the  way  in  which  they  are  built,  for  on  this  depends  largely  the  readi- 
ness and  completenass  with  which  they  will  burn.     The  familiar  phrase, 
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^T^rush  to  be  piled  in  small  and  compact  piles/*  gives  the  secret  of  satis- 
factory brush  piling.  While  the  piles  need  not  necessarily  be  small,  they 
must  be  compact.  To  this  end  limbs  over  three  inches  in  diameter  should 
seldom  go  into  the  piles,  and  branches  longer  than  five  or  six  feet  should 
be  cut  in  two. 

Bound  piles  usually  bum  better  than  long  ones,  since  they  are  ordi- 
narily more  compact.  Along  skidding  trails  and  roads,  however,  long 
piles  are  often  more  economical  to  bum.  Experience  has  also  shown  that 
to  bum  to  the  best  advantage  the  height  of  a  pile  should  equal,  if  not 
exceed,  its  diameter,  and  that,  as  far  as  possible,  the  butts  of  the  limbs 
should  be  placed  toward  the  center  of  the  pile.  If  this  is  done,  the  piles 
will  bum  readily  and  require  the  minimum  of  attention  to  insure  a  clean 
bum. 

There  is  considerable  difference  of  opinion  as  to  the  proper  disposal  of 
the  larger  limbs  and  tops.  Some  contend  that  they  should  be  burned, 
while  others  believe  that  they  may  as  well  be  allowed  to  lie  on  the  ground 
and  rot.  Whether  the  latter  procedure  increases  the  danger  of  fire  or 
insect  infestation  suflBciently  to  warrant  the  added  expense  of  disposing 
of  the  larger  limbs  is  still  an  open  question,  some  contending  one  way 
and  some  another.  Prom  the  standpoint  of  looks  it  must  be  admitted 
that  burning  is  desirable,  but  this  alone  does  not  justify  the  expense  in- 
volved. 

In  any  case  the  method  of  piling  should  be  the  same,  since  the  larger 
limbs,  if  they  are  to  be  disposed  of,  can  be  bumed  to  the  best  advantage 
by  standing  them  on  end  about  piles  built  as  already  described.  Piles 
constructed  in  this  way  have  somewhat  the  appearance  of  small  wigwams, 
and  when  burned  the  larger  limbs  fall  across  the  fire  as  it  bums  down 
and  are  more  or  less  completely  consumed. 

Labor  and  Tooh 

While  the  character  of  the  timber,  and,  to  some  extent,  topography,  are 
items  that  increase  or  decrease  the  difficulties  of  satisfactory  brush  piling, 
efficient  labor  is  by  far  the  greatest  item.  Unfortunately  bmsh  piling 
is  too  often  looked  on  both  by  operator  and  logger  as  low-grade  work 
worthy  of  little  consideration.  As  a  result  the  cheapest  class  of  labor  is 
usually  employed,  and  lumber-jacks  have  been  known  to  quit  when  put 
on  this  work. 

Cheap  labor  would  not  in  itself  be  so  unsatisfactory  if  properly  super- 
vised. Too  often,  however,  the  men  employed  to  do  this  work  are  turned 
loose  to  shift  for  themselves  with  the  idea  that  any  old  way  will  do  as 
long  as  they  get  over  the  ground.     As  a  result  the  work  is  done  indiffer- 
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ently,  the  men  feeling  that  the  work  is  beneath  them  and  that  it  is  all 
foolishness  anyway.  Another  potent  source  of  dissatisfaction  is  that  fre- 
quently a  small  crew  of  two  or  perhaps  three  men  are  turned  loose  on 
a  slash  of  from  40  to  160  acres  with  orders  to  "go  to  it  and  eat  it  up  " 
and  are  given  no  further  attention  except  an  occasional  visit  from  the 
foreman,  who  wants  to  know  what  makes  them  so  blamed  slow.  Even 
though  a  crew  of  this  size  works  industriously,  the  work  accomplislied  in 
comparison  to  the  work  ahead  looks  so  infinitesimal  that  most  men  in  a 
few  days  come  to  look  on  it  as  a  hopeless  task  and  make  little  effort  to 
do  more  than  put  in  their  time.  In  one  instance  of  this  kind  two  old 
pensioners  of  the  camp  were  put  to  work  on  80  acres  of  fir  slash,  and  each 
one  hobbled  around  all  summer  with  a  cane  in  one  hand  and  a  hooked 
stick  in  the  other  piling  (?)  the  brush.  In  this  case  the  cost  of  piling  was 
reported  by  the  operator  as  55  cents  per  thousand  feet  b.  m.,  and  a  wail 
went  up  at  the  unreasonableness  of  Forest  Service  regulations. 

All  these  difficulties  could  be  overcome,  the  quality  of  the  work  im- 
proved, and  the  costs  reduced  by  first  of  all  employing  men  physically 
able  and  willing  to  work;  second,  providing  adequate  supervision;  and, 
third,  a  sufficiently  large  force,  so  that  the  men  can  see  that  progress  is 
being  made  from  day  to  day,  and  that  they  are  not  up  against  a  hopeless 
task.  That  this  can  be  done  successfully  is  proven  by  the  fact  that  in 
almost  every  instance  where  brush  piling  has  been  contracted  it  has  been 
done  cheaply  and  to  the  satisfaction  of  all  concerned. 

This  brings  up  the  question  of  the  advisability  of  contracting  this  part 
of  the  logging  operation.  Where  the  operator  has  not  the  time  or  inclina- 
tion to  assume  this  responsibility,  with  the  idea  of  giving  it  serious  con- 
sideration and  considerable  attention,  it  can  probably  be  handled  to  the 
best  advantage  by  contract  if  experienced  brush  pilers  are  available.  On 
certain  sales  on  the  Plumas  this  method  was  in  vogue  during  the  past 
year  and  proved  satisfactory  to  all  parties  concerned.  The  contractor  in 
this  instance  received  from  20  to  25  cents  per  thousand  feet  b.  m.,  depend- 
ing upon  the  character  and  quantity  of  brush  to  be  handled,  and  made  good 
wages  out  of  it  both  for  himself  and  his  men.  On  the  other  hand,  if  the 
operator  would  give  the  matter  the  attention  it  deserved,  consider  it  as  a 
business  proposition  and  handle  his  men  accordingly,  the  margin  of  profit 
the  contractor  finds  in  it  could  certainlv  be  saved. 

In  California  foreign  labor,  preferably  Italian,  for  this  class  of  work 
is,  if  properly  supervised,  probably  the  cheapest.  There  are  two  funda- 
mental reasons  for  this  aside  from  wages.  In  the  first  place,  the  for- 
eigner is  usually  not  afraid  of  work,  and  in  the  second  does  not  consider 
his  work  beneath  him.     In  addition  he  is  usually  as  quick  to  grasp  the 
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idea  of  how  the  work  is  to  be  done  as  the  average  "white  man"  and  can 
generally  be  trusted  not  to  soldier  on  the  job.  On  the  other  hand,  the 
average  woods  worker  who  has  not  raised  himself  out  of  the  "swamper*' 
class  is  too  often  either  lazy,  incompetent,  or  both.  As  a  rule,  too,  he  is 
too  good  for  his  job,  takes  little  or  no  interest  in  his  work,  and  if  left 
Alone  is  pretty  apt  to  spend  his  time  in  seeing  how  little  he  can  accom- 
plish. 

Ordinarily  a  crew  of  six  or  eight  men,  one  of  whom  knows  how  the 
work  should  be  done  and  who  is  responsible  for  it,  work  to  the  best  ad- 
vantage. The  men  usually  work  in  pairs,  the  foreman  working  with 
them,  since  after  the  first  few  days  the  men  need  little  instruction,  and 
all  that  is  necessary  is  to  keep  an  eye  on  the  way  the  work  is  being  done. 

The  most  satisfactor}'  equipment  consists  of  a  sharp,  single-bitted  axe 
that  can  be  used  readily  with  one  hand  in  cutting  the  smaller  branches. 
The  advantage  of  having  one  hand  free  to  hold  and  dispose  of  the 
branches  as  they  are  cut  up  is  obvious.  In  addition  each  pair  should  be 
provided  with  a  regulation  double-bitted  axe  for  limbing  and  cutting  up 
the  larger  branches. 

Cost  of  Piling 

The  cost  of  brush  piling  varies  from  20  to  63  cents  per  thousand  feet 
b.  m.  and  from  $2.34  to  $9.30  per  acre.  The  cost  per  acre,  however,  is 
affected  by  the  density  of  the  stand  as  well  as  the  eflSciency  of  the  work 
and  the  species  involved,  and  is  not  therefore  a  fair  basis  for  comparison. 
Although  the  cost  of  brush  piling  per  thousand  feet  b.  m.  is  affected  to 
some  extent  by  the  species  concerned,  the  character  and  density  of  the 
remaining  stand  and  reproduction,  still,  as  has  already  been  said,  the 
chief  factor  is  the  efficiency  of  the  labor  employed.  A  study  of  the  costs 
reported  and  the  conditions  surrounding  each  case  shows  conclusively 
that  while  local  conditions  may  cause  a  variation  of  from  1  to  5  cents 
per  thousand  the  excessive  costs  were  in  every  case  due  to  poor  super- 
vision, inefficient  labor,  or  both ;  in  short,  to  poor  management.  In  any 
one  of  the  cases  mentioned  had  the  other  parts  of  the  logging  operation 
been  as  poorly  managed  the  company  would  have  gone  bankrupt  before 
the  close  of  the  season. 

Based  on  all  cases  reported,  the  average  cost  of  brush  piling,  according 
to  Forest  Service  regulations,  is  33  cents  per  thousand  feet  b.  m.,  or  $6.24 
per  acre,  although  the  last  figure  means  but  little.  This  is  extremely  con- 
servative, and  with  ordinary  business  management  can  be  reached  in  any 
section  of  the  State.  Eliminating  the  cases  where  the  costs  are  unrea- 
sonably excessive,  the  cost  of  piling  averages  but  24  cents  per  thousand 
feet  b.  m.,  which  is  a  fair  figure  to  apply  under  ordinary  conditions. 


346         PROCEEDINGS  OF  THE  SOCIETY  OF  AMERICAN  FORESTERS 

BRUSH  BURNING 

Purpose  of  Burning 

Since  brush  disposal  in  District  6,  as  has  already  been  shown,  is  pri- 
marily a  matter  of  protection,  the  chief  reason  for  brush  burning  is 
obviously  the  same.  Considerable  argument  has  arisen,  however,  as  to 
whether  the  increased  protection  due  to  burning  offsets  the  danger  in- 
volved, the  imavoidable  damage  to  reproduction  and  standing  timber,  and 
the  additional  expense.  If  due  precautions  are  not  taken  and  if  the  burn- 
ing is  not  done  carefully,  it  is  extremely  doubtful  if  brush  burning  i& 
desirable,  since  proper  piling  overcomes  the  chief  dangers  resulting  from 
logging  operations,  viz,  the  rapid  spreading  of  fire  through  the  slash  and 
the  diflSculty  of  making  fire  lines.  With  due  care  and  proper  supervision, 
however,  the  greater  portion  of  the  brush  on  a  given  sale  area  can  be 
burned  at  a  nominal  cost  per  thousand  and  the  damage  resulting  will  be 
negligible,  while  the  degree  of  protection  will  undoubtedly  be  increased 
somewhat. 

Dangers  and  Difficulties 

As  outlined  above,  the  chief  danger  of  brush  burning  is  the  chance  that 
the  fire  will  get  beyond  control.  Where  the  stand  is  thick  a  certain 
amount  of  damage  by  scorching  is  usually  unavoidable,  although  this  can 
be  greatly  reduced  by  proper  piling  and  careful  burning.  In  the  high 
fir  belt  previously  mentioned,  there  is  added  the  danger  of  a  ground  fire 
starting  in  the  deep  litter  and  buried  half-rotten  logs  so  common  in  this 
type.  Such  a  fire  resulted  from  brush  burning  on  the  Tahoe  Forest  in 
1909  and  burned  until  the  heavy  snows  buried  and  extinguished  it.  For- 
tunately, however,  the  fire  started  late  in  the  fall  and  the  storms  came 
early,  so  that  only  a  small  area  was  burned  over.  Under  other  circum- 
stances a  bad  fire  would  have  resulted. 

The  conditions  which  increase  the  dangers  of  brush  burning  also  in- 
crease the  difficulties  by  adding  to  the  precautions  necessary.  Beyond  a 
certain  point,  also,  the  difficulties  increase  as  the  fire  danger  decreases, 
owing  to  the  more  or  less  unfavorable  weather  conditions  which  usually 
prevail. 

Time  and  Conditions  for  Brush  Burning 

The  most  satisfactory  time  of  year  for  burning  brush  under  ordinary 
conditions,  experience  has  shown,  is  immediately  after  the  first  storms  of 
the  fall  following  the  cutting.     The  brush  by  this  time  has  usually  be- 
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come  thoroughly  seasoned  and  bums  readily.  The  piles  dry  of!  quickly 
after  a  storm  and  can  usually  be  burned  with  little  danger  of  the  fire 
spreading,  although  a  long  dry  spell  following  the  fall  rains  may  make  it 
necessary  to  discontinue  operations  until  the  winter  storms  set  in. 
Usually,  however,  the  interval  during  which  brush  burning  is  possible 
this  late  in  the  season  is  too  short  to  allow  much  to  be  accomplished. 

Given  good  piling,  dry  piles,  damp  ground,  and  no  wind,  we  have  ideal 
conditions  for  brush  burning.  A  thin  blanket  of  snow  or  a  moderate 
and  steady  breeze  are  also  at  times  desirable.  Hot,  dry  days,  and  days 
when  strong  or  fitful  winds  prevail,  are  to  be  avoided;  or,  if  burning 
must  be  done  under  such  conditions,  the  starting  of  fresh  fires  should  be 
confined  to  the  late  afternoon  and  evening. 

The  greatest  objection  to  fall  burning  is  that  it  is  likely  to  be  inter- 
rupted at  any  time  by  storms  or  shut  down  completely  by  heavy  snow. 
Brush  burning,  however,  at  this  time  of  year  is  much  more  satisfactory 
and  justifies  every  effort  to  accomplish  as  much  as  possible  at  this  season. 

Next  to  fall,  early  spring  is  the  best  season  for  brush  burning.  Taken 
at  the  psychological  time,  when  the  snow  has  melted  from  the  piles,  but 
not  from  the  ground  surrounding,  burning  can  be  done  very  satisfactorily. 
At  this  time  of  year,  too,  the  rising  sap  and  the  abundance  of  moisture 
in  leaves  and  bark  makes  standing  trees  and  reproduction  much  less  liable 
to  damage  than  at  any  other  season.  On  the  other  hand,  in  spring  the 
danger  of  fire  increases  constantly  from  day  to  day  and  storms  cannot  be 
depended  on  to  take  care  of  smoldering  piles  and  buried  logs.  With  the 
disappearance  of  the  snow  the  ground  dries  out  rapidly  and  the  utmost 
vigilance  is  necessary  to  keep  the  fires  under  control,  the  worst  feature 
being  that  they  are  liable  to  break  out  unexpectedly,  and  one  can  never 
be  sure  when  the  fires  are  out. 

At  best,  the  results  of  spring  brush  burning  are  never  quite  as  satis- 
factory as  fall.  When  burned  while  the  snow  is  still  on  the  ground,  for 
instance,  there  almost  invariably  remains  a  circle  of  brush  that  was  too 
wet  to  burn.  Another  drawback  is  the  difficulty  of  firing  the  piles,  which 
is  often  considerable,  owing  to  the  branches  not  being  thoroughly  dry. 
In  such  cases  it  is  often  necessary  to  carry  dry  brush  some  distance  to 
start  them,  or  to  resort  to  the  use  of  oil,  all  of  which  tends  to  increase  the 
cost  of  the  operation. 

Methods  and  Equipment 

Experience  has  shown  that  brush  burning  can  be  done  to  the  best 
advantage  by  two  men  working  together.     One  man  should  never  attempt 
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this  work  alone,  since  there  is  always  the  danger  of  the  fire  escaping  and 
getting  beyond  control  before  help  arrives.  Unfortunately  this  very 
thing  has  occurred  in  a  number  of  instances.  Two  men,  howevery  are 
generally  all  that  are  needed  and  can  work  to  better  advantage  than  a 
larger  number,  since  there  is  a  limit  to  the  numlK?r  of  piles  tliat  can  be 
set  safely  at  one  time  in  one  vicinity.  If  more  men  are  to  be  employed, 
they  should  work  on  different  parts  of  the  area.  Even  with  two  men  it 
is  often  necessary,  where  the  brush  is  thick,  to  light  alternate  piles,  or 
even  every  third  pile,  going  over  the  area  two  or  three  times  in  order  to 
avoid  creating  too  great  a  draft  and  starting  a  crown  fire. 

Numerous  other  expedients  are  frequently  resorted  to  by  the  experi- 
enced brush  burner,  such  as  lighting  a  pile  on  the  leeward  side,  so  that 
in  burning  back  against  the  wind  it  will  be  consumed  slowly ;  lighting^  a 
pile  at  the  top,  so  it  will  have  to  burn  down  for  the  same  reason ;  banking 
a  pile  with  dirt,  snow,  or  wet  brush  on  the  side  toward  near-by  repro- 
duction to  make  it  burn  slowly  and  to  hold  in  the  heat ;  taking  advantage 
of  winds  prevailing  at  different  times  of  day  to  burn  the  brush  in  the  lee 
of  standing  trees  and  reproduction ;  burning  at  night  when  the  days  are 
windy  and  the  fire  is  apt  to  run,  and  many  others. 

Properly  piled  brush,  unless  water  soaked,  will  burn  up  clean  with  little 
or  no  attention.  Flat  piles,  however,  require  more  or  less  '^chucking  up" 
to  insure  a  clean  bum,  and  irregular  and  open  piles  often  require  almost 
constant  attention  to  secure  satisfactory  results. 

Wliile  early  in  the  fall  or  late  in  the  spring  the  brush  burns  readily 
and  the  work  proceeds  most  rapidly,  it  is  attended  with  considerable 
danger,  and  constant  vigilance  is  the  price  of  safety.  Later  in  the  fall, 
when  the  heavy  rains  and  early  snows  have  reduced  the  fire  danger  to  a 
minimum,  or  early  in  the  spring,  before  the  snow  is  all  gone,  there  is  less 
danger,  but  the  diflBculties  of  brush  burning  are  greatly  increased  and 
the  work  at  best  proceeds  slowly. 

The  equipment  needed  for  brush  burning  consists  of  a  shovel,  a  torch 
of  some  kind,  a  supply  of  coal-oil,  and  possibly  an  axe.  The  shovel  is 
necessary  in  controlling  the  fires,  for  brush  burning  frequently  resolves 
itself  into  fire  fighting  and  one  must  always  be  prepared  for  such  an 
emergency.  The  torch  and  coal-oil  are  useful  at  all  times,  but  absolutely 
necessary  when  the  brush  is  wet  and  catches  fire  reluctantly.  At  other 
times  a  shovelful  of  live  coals  or  a  bumintj  branch  will  often  serve,  but 
great  care  is  necessary  in  using  them  not  to  set  a  fire  where  one  is  not 
wanted ;  a  good  torch  is  always  to  bo  preferred. 

Vaiious  and  sundry  torches  have  been  used  on  the  different  Forests  and 
a  number  of  them  have  been  found  satisfactory.     The  brush-burning 
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torches  furnished  by  the  Service  a  few  years  ago  were  never  very  satis- 
factory, being  clumsy,  cheaply  constructed,  and  using  an  inordinate 
amount  of  wick  and  oil.  The  regulation  railway  torch  of  copper  and 
brass,  with  a  riveted  handle,  has  proved  to  be  the  most  useful  of  this  type 
of  torch. 

On  the  Tahoe  a  torch  constructed  of  a  piece  of  hoop  iron  about  3  feet 
long,  wrapped  at  one  end  with  sacking  and  with  6  inches  of  the  iron  bent 
back  and  clinched  to  hold  it  in  place,  proved  most  satisfactory.  On  the 
Stanislaus  a  similar  torch  was  constructed  by  doubling  a  6-foot  piece  of 
No.  9  telephone  wire  and  twisting  a  roll  of  burlap  or  asbestos  into  one 
end.  These  torches  were  used  by  soaking  them  with  coal-oil.  The 
asbestos  was  found  to  last  from  two  to  six  days  if  wound  with  fine  wire 
to  protect  it  from  being  torn  to  pieces  when  thrust  into  the  piles.  When 
burlap  was  used  it  was  found  necessary  to  renew  it  about  twice  a  day. 
These  torches  consumed  from  one  to  two  gallons  per  day,  depending  upon 
the  condition  of  the  piles  and  the  readiness  with  which  they  ignited. 
Saw  oil,  costing  20  cents  a  gallon,  was  used  for  this  purpose.  In  another 
instance  strips  of  incense  cedar  bark  4  feet  long  and  1  to  2  inches  in  size 
were  used  with  very  satisfactory  results,  the  bark  absorbing  the  oil  readily 
and  making  a  light,  eflBcient,  and  very  cheap  torch. 

The  advantage  of  the  latter  type  of  torch  over  the  regulation  wick 
variety  is  that  it  makes  a  large  flame  which  will  not  blow  out  and  which 
gives  less  trouble  in  igniting  the  piles.  It  must  be  used  with  care,  how- 
ever, and  has  the  disadvantage  of  requiring  an  open  can  of  oil  to  be  kept 
handy. 

Labor  and  Supervision 

Brush  burning  is  a  much  more  particular  and  dangerous  operation 
than  piling  and  requires  proportionately  greater  care  and  judgment. 
Thus  the  employment  of  a  more  responsible  class  of  labor  and  more 
careful  supervision  is  necessary.  In  the  past  brush  burning  has  been 
done  almost  entirely  by  forest  officers,  although  in  some  cases  the  op- 
erators have  cooperated  to  the  extent  of  furnishing  a  portion  of  the  labor. 

As  has  been  said,  two  men  make  the  ideal  crew  for  this  work,  although 
where  the  fire  danger  is  not  great  a  larger  number  can  be  used  to  ad- 
vantage. In  any  case  only  reliable  and  responsible  men  should  be  em- 
ployed and,  if  possible,  an  experienced  man  should  be  in  charge.  As  the 
men  work  alone  to  a  large  extent,  however,  the  satisfactoriness  of  the 
results  depends  primarily  on  the  care  and  judgment  used  by  the  men 
individually. 

While  energetic  work,  combined  with  good  judgment,  will  decrease  the 
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cost  of  brush  burning,  hurried  and  careless  work  and  a  slighting  of  the 
precautions  does  not  pay.  This  has  been  shown  in  too  many  cases  where 
the  fire  has  got  out  and  considerable  damage  has  been  done. 

As  to  whetlier  the  work  should  be  done  by  the  operator,  or  wholly  or 
in  part  by  forest  oflScers,  there  is  little  question.  At  best,  the  average 
operator  considers  brush  disposal  an  added  and  more  or  less  unnecessarr 
expense  and  takes  little  interest  in  it  aside  from  getting  it  done  as  quickly 
and  cheaply  as  possible.  With  no  future  interest  in  the  standing  timber 
and  reproduction,  it  receives  little  consideration  at  his  hands,  and  any-  " 
thing  less  than  a  general  conflagration  is  considered  immaterial.  On  the 
other  hand,  a  forest  officer  knows  it  is  to  his  interest  and  to  the  interest 
of  the  Service  to  see  that  the  work  results  in  as  little  damage  as  iwssible 
and,  at  the  same  time,  is  efficiently  done.  It  is  practically  necessary, 
therefore,  that  this  part  of  brush  disposal  be  handled  under  the  super- 
vision at  least  of  competent  forest  officers. 

Costs 

The  costs  of  brush  burning,  as  reported,  range  from  .003  to  22  cents 
per  thousand  feet  b.  m.  and  from  21  cents  to  $1.24  per  acre.  As  in  brush 
piling,  however,  the  cost  per  acre  has  little  significance.  Taking  all  cases 
reported  into  consideration,  the  average  cost  of  brush  burning  for  District 
5  is  found  to  be  $0.0466  per  thousand,  or  $0,492  per  acre.  Eliminating 
the  excessive  costs  which  on  analysis  were  found  to  be  due  to  the  small 
size  of  the  sales  involved,  the  average  cost  figures  out  to  be  $0,037  per 
thousand  feet  b.  m.,  which  is  a  conservative  figure  to  apply  in  any  ease 
where  brush  burning  is  done  under  conditions  at  all  favorable.  This  is 
evident  when  it  is  considered  that  the  above  is  the  average  cost  of  buni- 
\n<r  under  all  conditions — ^good,  bad,  and  indiflForont. 

The  cost  of  brush  burning  is  affected  primarily  by  the  readiness  with 
which  the  piles  burn  and  the  amount  of  attention  they  require.  These 
factors  in  turn,  while  dependent  to  a  large  extent  on  the  manner-  of 
piling,  are  equally  affected  by  the  conditions  prevailing  at  the  time  of 
burning.  It  is  therefore  evident  that  if  brush  is  to  be  burned  economi- 
cally advantage  must  be  taken  of  the  times  and  seasons  most  favorable 
for  it. 

PRACTICAL   CONSIDERATION   OF   BRUSH    DISPOSAL    AS   A   PR0TErTI\T: 

MEASURE 

The  statement  has  often  been  made  that  private  owners  would  find  it 
to  their  advantage  to  pile  and  burn  the  brush  resulting  from  their  logging 
operations  as  a  matter  of  protection.     TMiether  or  not  this  is  true  depends. 
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primarily  on  the  value  of  the  property  to  be  protected  and  the  relative 
cost  and  value  of  other  means  of  protection.  The  need  for  protection  of 
some  sort  is  assumed  for  the  purpose  of  this  discussion,  since  the  argu- 
ments for  and  against  it  are  too  numerous  to  enter  into  here. 

A  private  operator  considering  this  method  of  brush  disposal  as  a  pro- 
tective measure  first  asks  how  much  will  it  cost  or  what  investment  will 
be  required.  Next,  whether  or  not  the  value  of  the  property  involved 
justifies  the  expenditure. 

From  the  costs  already  given  it  will  be  seen  that  25  cents  per  thousand 
feet  b.  m.  for  piling  and  5  cents  for  burning  is  a  fair  estimate,  although 
it  is  probable  that  burning  would  cost  less,  since  reproduction  is  not 
usually  considered  by  the  private  owner.  Placing  the  cost  of  brush  dis- 
posal at  30  cents  per  thousand,  however,  the  actual  investment  would  in 
ordinary  cases  approximate  $4.50  per  acre,  since  in  California  the  average 
acre  will  cut  about  15,000  feet  b.  m.  If  the  stand  was  heavier  the  cost 
would  be  proportionately  higher.  What  this  would  amount  to  by  the 
time  of  a  second  cut  at  compound  interest  is  shown  in  the  following 
table : 


RaU  of  lDter«fit. 

Total  coat  p«r  acre  at  tim«  of  second  cat  in— 

20  jears.             30  jears. 

40  jeara. 

AO  years. 

3  per  cent 

A  Der  cent 

$8.13 

9.86 

11.94 

$10.92 
14.60 

19.45 

• 

$14.68 
21.60 
31.68 

$19.63 
31  98 

5  per  cent 

51.60 

It  must  be  remembered,  however,  that  the  protection  offered  by  brush 
piling  and  burning  decreases  rapidly  after  the  first  two  years  and  may  be 
said  to  be  practically  zero  at  the  end  of  five  years,  owing  to  the  natural 
accumulation  of  litter  and  the  fact  that  in  that  time  the  brush,  if  left  on 
the  ground,  would  have  largely  decomposed.  The  money  value,  then,  of 
piling  and  burning  from  a  protection  standpoint  is  limited  to  the  money 
value  of  five  years  of  protection — a  figure  that  can  only  be  determined  by 
a  comparison  of  the  cost  of  protection  for  that  period  by  various  methods. 

Experience  has  also  shown  that  even  during  the  five-year  period  brush 
disposal  is  no  protection  against  crown  fires  or  to  any  great  extent  against 
serious  fires  starting  on  land  adjoining.  On  the  other  hand,  brush  dis- 
posal most  certainly  greatly  reduce?  the  danger  of  fires  starting  on  the 
area  itself. 
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Experience  has  shown  that  efficient  fire  patrol  can  be  maintained  at  an 
annual  cost  of  3  cents*  or  less  per  acre.  AVhat  the  cost  of  this  method  o^ 
protection  would  amount  to  at  this  figure  by  the  time  of  a  second  cut  is 
showi^  in  the  following  table : 


Total  cost  per  acre  at  the  time  or  a  .tecoad  cut  in — 

Rate  of  interest. 

ao  years.             30  years. 

1 

4()  years.              50  years. 

3  per  cent 

4  Der  cent 

$0.81 
.89 
.99 

$1.43 
1.68 
1.99 

$2.26 
2.85 
3.62 

$3.38 
4.58 

5  per  cent 

6.28 

In  other  words,  for  the  initial  cost  of  piling  and  burning  brush  on  the 
average  acre  (or  $4.60)  it  could  be  patrolled  for  approximately  58  years, 
allowing  3  per  cent  on  the  actual  investment,  or  53  years  beyond  the  time 
which  piling  and  burning  offers. any  protection.  At  the  same  time  a  sav- 
ing of  the  interest  which  would  have  accumulated  at  3  per  cent  if  the 
money  had  been  invested  in  piling  and  burning  would  be  effected,  amount- 
ing to  $24.99  per  acre — ^not  an  inconsiderable  sum. 

While  from  the  standpoint  of  public  ownership  interest  may  be  left 
out  of  consideration,  from  the  standpoint  of  the  private  owner  it  is  a 
vital  consideration  and  net  returns  must  at  least  equal  the  returns  at 
ordinary  interest  to  make  a  proposition  attractive. 

While  it  is  evident,  therefore,  that  piling  and  burning  is  a  relatively 
expensive  method  of  protection,  there  are  other  facts  to  be  taken  into 
consideration.  For  instance,  if  the  danger  of  fire  is  great  and  confined 
chiefly  to  the  area  itself,  it  would  probably  be  advisable  to  reduce  the  fir© 
risk  to  a  minimum  by  piling  and  burning. 

If,  on  the  other  hand,  the  danger  of  fire  is  chiefly  from  adjoining  land, 
fire  lines  and  efficient  patrol  would  undoubtedly  be  more  economical  and, 
in  most  cases,  equally  effective. 


•Cost  of  Are  fighting  and  patrol  for  the  fiscal  year  of  1912  nnioutited  to  % 
cent  per  acre. 

Cost  of  protection  for  1912  reported  by  the  Western  Forestry  and  Conser- 
vation Association  as  1  cent  per  acre  for  the  total  area  protected,  or  2  c^its 
per  acre  based  on  the  acreage  owned  by  members  of  the  association. 

Fire  protection  on  the  lands  of  the  Crown  Columbia  Paper  Company  cost 
that  company  2.2  cents  per  acre.  This  figure,  based  on  an  average  of  three 
years,  includes  the  total  annual  cost  of  patrol  and  maintenance  and  one-tenth 
of  the  investment  in  permanent  improvements. 
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The  value  of  the  property  involved  has  also  been  mentioned  as  an  im- 
portant factor  and  it  is,  although  largely  a  psychological  one,  since  be- 
yond the  point  when  cost  of  protection  reduces  the  future  profits  on  the 
investment  below  that  to  be  obtained  at  prevailing  interest  rates,  the 
amount  to  be  paid  out  for  protection  depends  on  the  chance  the  investor 
himself  is  willing  to  take  on  the  loss  of  remaining  interest  or  capital. 

Where  land  is  retained  after  cutting  for  timber  production  alone,  the 
protection  charges  justified  should  theoretically  be  based  on  the  invest- 
ment represented  by  the  merchantable  timber  left  standing  and  the  ex- 
pectation value  of  both  timber  and  reproduction.  The  small  stand  left 
for  a  second  cut  on  most  private  operations,  however,  and  the  correspond- 
ingly small  yield  to  be  expected  will  not  ordinarily  justify  in  the  mind 
of  the  private  operator  any  great  outlay  for  protection.  Until  the  time 
comes,  then,  when  operators  handle  their  lands  with  the  idea  of  a  sus- 
tained yield,  or  at  least  a  second  cut  within  a  reasonable  time,  it  is  doubt- 
ful if  the  matter  of  protection  for  cut-over  lands  will  receive  very  serious 
consideration.  In  any  event  it  is  certain  that  the  method  involving  the 
smallest  cash  investment  will  be  looked  on  most  favorably. 


COMBATING  THE  LARV.E  OF  THE  JUNE-BUG   IX  FOREST 

NURSERIES 

BY  PROFESSOR  DECOPPET,  SWISS  EXPERIMENT  STATION 
TRANSLATED  BY  G.  A.  PEARSON  AND  A.  J.  JAENICKE 

Contributed 

The  Schweizerische  Zeitschrift  fur  Forstwesen  for  April,  1912,  de- 
scribes the  experiments  of  Professor  Decoppet  in  combating  the  May- 
beetle  in  forest  nurseries  at  the  Swiss  experiment  station.  A  similar 
insect  injury,  which  has  been  ascribed  to  the  common  June-bug  or  Maj- 
beetle,  has  been  experienced  at  the  Fort  Valley  Experiment  Station  dur- 
ing the  past  two  years.  Since  this  trouble  undoubtedly  occurs  in  other 
sections  of  the  country,  the  German  article  has  been  translated  in  ordff 
IJiat  the  information  may  become  available  to  the  Forest  Service. 

The  injury  consists  in  the  destruction  of  the  roots  of  seedlings  and 
transplants.     At  the  Fort  Valley  Experiment  Station  western  yellow 
pine  has  been  attacked  both  in  the  nursery  and  in  the  field.     In  some 
instances  the  damage  is  confined  to  cutting  off  the  laterals,  but  many 
instances  have  been  observed  where  the  entire  root,  up  to   one  or  two 
inches  below  the  root  collar,  has  been  devoured.     The  presence  of  the 
larvae  is  first  manifested  by  the  drying  up  of  the  needles ;  and  when  the 
injury  has  advanced  to  this  stage,  the  plant  can  readily  be  pulled  out  of 
the  ground.     The  injury  was  first  experienced  in  the  summer  of  1911j 
when  a  considerable  amount  of  field  planting  was  done  in  spots  about 
two  feet  in  diameter  spaded  up  the  preceding  fall.     As  is  shown  by 
Decoppet's  experiments,  this   is  just  the   soil  condition   favoring  the 
deposition  of  eggs  by  the  adult  beetle.     Comparatively  little  danage 
was  experienced  in  the  field  planting  of  1912,  when  but  few  prepared 
spots  were  used.     Curiously  enough,  no  damage  was  observed  in  the 
nursery  during  1911,  but  in  1912  the  damage  was  really  serious.    The 
work  occurred  in  patches  two  or  three  feet  in  diameter ;  but  it  was  quite 
evident  that  the  larvae  followed  the  rows,  since  frequently  every  trans- 
plant in  a  row  half  way  across  the  bed  was  killed.     It  is  estimated  that 
from  5  to  15  per  cent  of  the  transplants  were  killed  by  this  cause.     How- 
ever, the  damage  is  not  confined  to  the  plants  which  are  killed  outright 
Investigations  have  shown  that  rnany  transplants,  which  are  apparently 
uninjured,  have  their  laterals  cut  off  to  such  an  extent  as  to  render  them 
unfit    for    field    planting.     Second-year    seedlings    were   also    attacked, 
though  in  a  lesser  degree  than  the  transplants. 

The  larva  has  not  been  positively  identified,  but  several  entomologists 
have  expressed  the  opinion  that  it  is  the  larva  of  the  common  June- 
beetle.    It  is  a  white  grub  about  %  inch  in  length  and  ^4  ii^ch  in  diam- 
eter.    Only  a  few  specimens  have  been  found,  and  therefore  it  appeal^ 
(354) 
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that  each  individual  is  responsible  for  a  large  amount  of  damage.  One 
specimen  was  placed  in  a  can  of  earth  containing  an  uninjured  western 
yellow-pine  transplant  of  good  root  development.  After  two  weeks  about 
one-half  of  the  roots  had  been  destroyed. 

It  is  purposed  to  try  the  carbon-bisulphid  treatment  prescribed  by 
PrDfessor  Decoppet  at  the  Fort  Valley  Experiment  Station  this  year. 
The  apparatus  used  at  the  Swiss  experiment  station  will  not  be  pur- 
chased until  its  need  and  applicability  under  our  conditions  is  demon- 
strated. Since  only  a  few  beds  will  be  treated  this  year,  it  is  believed 
that  the  carbon  bisulphid  can  be  applied  satisfactorily  by  pouring 
measured  quantities  into  holes  made  with  a  tube  used  for  soil  sampling. 
The  results  of  the  experiment  will  appear  in  the  1913  report  of  this 
station. — G.  A.  Pearson  and  A.  J.  Jaenicke. 

For  several  years  the  study  of  the  biology  of  the  May-beetle  and  its 
extermination  in  the  forest  nursery  has  been  on  the  program  of  the 
forest  experiment  station  at  Zurich.  This  investigation  was  assigned  to 
Professor  Decoppet,  who  since  1904  has  carried  on  experiments  related 
to  this  subject  in  the  forest  nursery  of  the  Canton  Waadt  at  Farzin, 
which,  after  their  completion,  are  to  be  published  in  the  experiment 
station  record  and  compared  with  the  results  obtained  in  Canton  Zurich. 

The  Farzin  nursery  lies  780-800  meters  above  sealevel,  three  kilometers 
north  of  the  railroad  station  Romont,  and  slopes  slightly  to  the  north- 
east. The  deep,  fertile,  marly  soil  is  underlaid  by  clay.  The  present 
seed-beds,  together  with  the  abandoned  and  now  reforested  seed-beds, 
contain  more  than  two  hectares,  and  are  300-900  meters  distant  from 
the  nearest  fields.  The  May-beetle  is  very  abundant  in  the  region.  The 
flight-years,*  1906,  1909,  1912,  etc.,  prevail  here.  Formerly  nurseries 
did  not  suffer  much  from  the  beetle.  However,  in  1904,  two-thirds  of 
the  area  showed  severe  injury.  Two  hundred  thousand  two-year-old 
transplanted  red  fir,  valued  at  $500,  were  destroyed.  This  gave  rise  to 
the  investigations  about  to  be  described. 

A.   TREATMENT   WITH    CARBON   BISULPHID. 

Carbon  bisulphid  is  a  transparent,  easily  inflammable  liquid,  which 
volatilizes  rapidly.  The  vapor  kills  insects  which  breathe  it.  Especially 
in  light  soils,  a  small  dose  is  sufficient  to  destroy  all  insects.  It  is  best 
if  the  carbon  bisulphid  is  distributed  evenly  through  the  region  of  the 
plant  roots  and  is  introduced  into  the  soil  at  numerous  points,  since 
one  thus  gets  along  with  the  least  possible  quantity  and  there  is  less 
danger  that  the  material  will  injure  the  plant. 

♦  Years  in  which  tlie  Inrva'  become  adults. 
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In  applying  the  remedy,  an  instrument  with  which  to  bore  holes  and 
squirt  the  carbon  bisulphid  into  the  ground  is  used.  A  steel  tube, 
which  one  can  force  10  to  12  inches  into  the  ground  by  means  of  two 
horizontal  handles  and  a  pedal,  surrounds  the  container  of  the  liquid. 
A  small  pump  sucks  this  up  and  forces  the  liquid  out  into  the  soil  near 
the  tip  of  the  tube.  The  piston-rod  of  the  pump  ends  above  in  a  wide 
head,  which  one  seizes  when  setting  it  (the  piston-rod)  in  motion.  The 
length  of  the  piston-rod  gauges  the  quantity  of  the  liquid  forced  in. 
If  it  is  pushed  in  entirely,  it  contains  10  grams.  If  one  wishes  to  use 
less,  one  or  several  bronze  rings  ape  inserted  beneath  the  head  (which 
can  be  unscrewed)  of  the  piston-rod.  It  is  advisable  to  inject  the  indi- 
vidual doses  in  numerous  holes  scattered  over  the  area,  rather  than  to 
make  but  one  injection,  because  results  are  much  more  satisfactory.  A 
liter  of  the  liquid  weighs  1,263  grams — thus  a  very  heavy  liquid.  Ac- 
cordingly, one  should  be  careful  not  to  inject  it  into  the  ground  too 
deeply.  Again,  if  not  placed  deep  enough,  it  will  evaporate  at  the  sur- 
face of  the  ground.  It  is  of  advantage  if  the  ground  has  become  porous, 
dry,  and  warm,  as  results  from  the  spring  sun,  which  at  the  same  time 
starts  the  activity  of  the  May-beetle  larv8B  anew. 

Light  soils  require  but  little  of  the  liquid,  while  heavy  soils  need  a 
great  deal.  Too  much  injures  the  plants;  too  little  does  ineffective 
work.     Trial  will  determine  the  proper  amount. 

1.  Experiments  of  1904* 

m 

The  treated  beds  contained  two-year-old  transplanted  pines.  The 
larvae  were  numerous,  originating  from  the  flight-year  1903,  and  had 
already  begun  their  feeding  in  the  fall  of  this  year  and  continued  it  in 
the  spring  of  1904.  The  application  of  carbon  bisulphid  was  made  on 
the  29th  and  30th  of  July.  Many  roots  were  entirely  eaten  off.  Some 
of  the  plants,  which  looked  well  above  ground,  had  their  roots  gnawed 
beyond  recovery. 

Each  injection  opening  received  3-6  grams.  The  beds  were  then  left 
to  themselves,  and,  at  the  end  of  the  experimental  period,  the  plants 
were  taken  out  and  counted.  The  beds  were  isolated  by  ditches  40  centi- 
meters deep.     One  of  the  beds  was  treated  again  on  May  3,  1905. 

Results : 

a.  The  25-gram  dose  per  square  meter  gave  practically  no  results— 
viz.,  a  loss  of  75  per  cent  as  compared  with  a  loss  of  88  per  cent  in  the 
untreated  bed. 

b.  40-50  grams  works  well,  and  showed  a  loss  of  only  18-19  per  cent. 
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c.  Where  the  treatment  was  repeated  in  1905  the  loss  was  only  1 
per  cent. 

2.  Experiments  of  1906. 

In  the  past  year  the  two  extremes — ^that  of  too  much  and  too  little — 
were  not  definitely  determined.  Besides,  the  experimental  areas  were 
somewhat  small.  For  this  reason  pines  which  were  two  years  old  when 
transplanted  in  1904  were  treated.  The  larvsB  had  been  present  two 
years,  had  wintered  at  a  depth  of  30-35  centimeters,  and  had  begun  their 
feeding  at  a  depth  of  10-15  centimeters. 

Besults : 

a.  The  untreated  beds  used  for  comparison  showed  losses  ranging  from 
55  to  88  per  cent,  and  an  average  of  69  per  cent. 

h,  45  grams  showed  a  loss  of  23-50  per  cent,  with  38  per  cent  as  the 
average. 

c.  Larger  doses  give  greater  losses,  viz : 

Per  cent 

72-  96  grams 44-55 

120-150  grams 50-67 

250  grams 91 

d.  The  losses  in  the  treated  beds  vary  greatly,  as  do  also  the  losses  in 
the  untreated  beds. 

Doses  that  are  too  strong  kill  both  larvae  and  plants,  the  latter  be- 
coming red  a  few  days  after  the  injection.  The  following  doses  killed 
plants,  as  shown: 

Per  cent 

120-150  grams  per  square  meter 26-42 

250  grams  per  square  meter 74 

Less  than  45  grams  injected  at  15-20  places  did  not  kill  any  plants. 
With  stronger  doses  the  larvae  gnawed  only  18-30  per  cent,  or  an  aver- 
age of  25  per  cent  of  the  plants. 

What  doses  are  necessary  to  kill  a  part  or  all  of  the  larvae?  To  this 
question  the  1905  experiments  answer: 

a.  45-60  grams  per  square  meter  killed  only  12-15  per  cent  of  the 
larvae  present. 

6.  150-300  grams  killed  60-95  per  cent  of  the  larvae,  but  also  injured 
the  transplants. 

c.  It  is  well  to  make  the  points  of  injection  numerous,  and  to  inject 
a  little  at  each  point. 
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3.  Experiments  of  1906. 

We  ask  whether  the  treatment  has  preventive  eflScacy,  and  whether  it 
prevents  the  May-beetles  from  laying  their  eggs  in  the  experimental  beds 
in  flight-years.  Untreated  beds  were  alternated  with  treated  beds^  and 
separated  by  ditches  40  centimeters  deep.  A  dose  of  50  grams  per 
square  meter,  much  divided,  was  used.  The  majority  of  the  beds  con- 
tained two-year-old  recently  transplanted  fir,  but  there  was  one  bed 
each  of  similarly  treated  Weymouth  pine  and  Douglas  fir. 

Besults : 

a.  No  preventive  effect  resulted.  The  experimental  beds  showed  a 
loss  of  7.8  per  cent,  while  the  untreated  beds  showed  an  almost  equal 
loss  of  8.7  per  cent. 

b.  Both  rows,  treated  and  untreated,  show  large  variations  in  loss 
from  bed  to  bed.  The  larvae  attack  the  fine  roots  in  their  first  year 
(fall). 

4.  Experiments  of  1907. 

These  experiments  are  comparable  to  those  of  1904,  because  one-year- 
old  larvae  had  to  be  contended  with.  This  time,  however,  operations 
were  begun  earlier  in  the  year,  and  partially  on  beds  which  had  pre- 
viously undergone  treatment.  Never  more  than  60  grams  per  square 
meter,  distributed  among  10-17  holes,  was  used.  Three  beds  of  three- 
year-old  transplanted  red  fir,  three  beds  of  similar  Weymouth  pine,  and 
one  bed  of  Douglas  fir  were  used. 

Besults : 

a.  Loss  in  the  treated  beds,  6.4  per  cent. 
6.  Loss  in  the  untreated  beds,  20.1  per  cent. 

c.  The  loss  from  bed  to  bed  varies  greatly. 

d.  The  loss  is  considerable  in  the  Weymouth  pine  and  the  Douglas  fir. 
What  causes  this  striking  difference  between  beds  ?    To  this,  with  the 

experiments  as  the  basis,  we  can  answer  as  follows :  Wherever  injections 
were  made  for  preventive  purposes  in  1906  and  1907,  the  damage  was 
quite  small.  The  preventive  treatment  the  previous  year  was  just  as 
effective  as  the  injections  made  against  the  larvae  now  present. 

6.  Experiments  of  1909-1911. 

The  year  1909  was  another  flight-year.  The  preventive  treatment  and 
the  efficacy  of  the  remedy  in  the  transplant  beds  were  tested  out. 

A  few  of  the  experimental  beds  received  injections  on  the  28th  and 
29th  of  July;  others  were  treated  a  second  time  on  the  25th  and  26th  of 
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August,  all  in  1909.     The  quantity  used  was  46  grams  per  square  meter, 
distributed  among  nine  openings. 

Eed  fir,  which  had  been  transplanted  in  1909,  was  treated.  These 
beds  were  observed  till  1911,  and  in  that  year  the  injury  from  May- 
beetle  laryse  was  ascertained. 

Results : 

a.  One  treatment  gave  a  loss  of  0.6  per  cent. 
6.  Two  injections  gave  a  loss  of  0.7  per  cent, 
c.  No  injections  resulted  in  a  loss  of  8.7  per  cent. 
The  conclusions  drawn  from  the  use  of  carbon  bisulphid  follow  later 
on  in  the  article. 

Cost  of  the  Treatment, 

A  dose  of  40  grams  per  square  meter  costs  4-5  rappen  for  the  iarea 
named.  The  increase  in  cost  is  2.6  francs  (48  cents),  an  increase  of 
about  10  per  cent. 

B.    PREVENTION  OF  THE  EGG-DEPOSITION  OP  THE  MAY-BEETLE 

The  female  beetle  likes  to  lay  its  eggs  on  open,  sunny,  light  and  dry 
soil  which  is  without  covering.  Cannot  the  soil  be  artificially  protected 
against  the  laying  of  eggs?  To  determine  this,  experiments  were  carried 
on  in  the  nursery  at  Farzin. 

a.  Observations  in  the  Nursery. 

The  behavior  of  the  beetle  at  the  time  of  egg-deposition  makes  the 
establishment  of  nurseries  in  the  proximity  of  fields  and  in  windy 
places  inadvisable.  It  is  better  to  establish  them  in  small  openings 
within  the  forest.  The  appended  figure  shows  the  nursery  at  Farzin 
at  the  beginning  of  the  experiment.  A  row  of  beds  established  at  the 
edge  of  the  stand  showed  the  following  losses : 

Per  cent 

Bed  A Loss,  54 

Bed  B Loss,  67 

Bed  C Loss,  64 

Bed  D Loss,  87 

Bed  E Loss,  87 

Forest A        B        C        D        E 
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The  loss  increases  with  the  distance  from  the  shade  of  the  old  stand. 
Egg-deposition  is  hindered  by  the  surrounding  with  old  stands.  This 
was  determined  at  Parzin,  where  two  small  nurseries  situated  within  a 
stand  remained  untouched  in  spite  of  the  proximity  of  large  fields. 

Damage  from  the  larvae  is  noticeable  at  first  in  individual  spots, 
which,  separated  at  first,  begin  to  grow  at  the  periphery  until  they  finally 
touch  each  other.  This  feeding  in  spots  by  the  larvae  is  perhaps  due  to 
the  fact  that  the  beetle  lays  its  eggs  in  groups  of  10-25,  each  female  lay- 
ing two  or  three  clusters. 

The  place  of  deposition  is  the  starting  point  of  the  damaging  colony. 
Most  of  the  colonies  at  Farzin  arose  where  the  trees  of  the  original 
forest  had  stood,  which  can  be  partially  explained  by  the  fact  that  at 
these  very  spots  the  soil,  by  clearing  off  the  trees,  was  loosened  the 
deepest;  and,  again,  it  may  be  traced  to  the  subsequent  loss  of  soil 
fertility. 

6.  Measures  for  Prevention  of  Egg-deposition. 

Such  precautionary  measures  should  either  be  the  distribution  of 
strong-smelling,  offensive  substances  or  the  hardening  of  the  soil  surface. 
A  powder  of  this  character,  from  the  Beck  factory  at  Pieterlin  (Bern), 
was  recommended  by  Oberfoerster  Cunier,  of  Aarberg.  It  smells  very 
much  like  tar,  and  keeps  the  beetles  away  if  used  at  the  rate  of  300-500 
grams  per  square  meter.  Our  experiments  show  five  to  six  times  more 
larvaB  in  untreated  than  in  treated  beds. 

Similar  experiments  in  the  forest  nursery  at  Naegelsee  (Winterthur) 
showed  no  larvae  in  beds  on  which  the  material  had  been  scattered,  and 
an  average  of  40  larvae  for  untreated  beds. 

Other  experiments  of  like  character  gave  no  conclusive  results. 

The  soil  in  two  instances  was  covered  with  leaves  and  brush,  with 
good  results  in  one  case  and  no  effect  in  the  other. 

The  treatment  with  the  powder  costs  0.8-1.0  rappen  per  square  meter. 

C.   GENERAL   CONCLUSIONS   FROM   THE   EXPERIENCE  WITH   CARBON 

BI8ULPHID 

Carbon  bisulphid  certainly  works  well.  At  the  last,  when  we  used 
40-60  grams  per  square  meter,  distributed  among  six  openings,  we  had 
a  loss  of  only  i/^  per  cent  of  the  plants.  At  the  start,  due  to  improper 
procedure,  a  loss  of  20  per  cent  for  treated  beds  and  80  per  cent  for 
imtreated  beds  resulted.  In  the  untreated  beds  the  loss  fell  for  the 
years  1904-1911  in  a  very  remarkable  manner  from  80  per  cent  to  9 
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per  cent.  How  is  this  to  be  accounted  for?  Apparently  the  substance 
not  only  results  in  the  death  of  the  insects,  but  slowly  and  surely  im- 
proves the  soil.  In  the  course  of  the  years  of  experimentation  the 
material  sooner  or  later  becomes  available  in  all  parts  of  the  area. 

Girard,  of  Prance,  and  OSerlin,  of  Alsace,  have  pointed  out  that 
carbon  bisulphid  makes  the  soil  more  fertile;  delays  the  loss  of  soil 
fertility ;  that  it  is  not  only  an  insect  destroyer,  but  also  a  factor  in  soil 
improvement.  By  this  means  Oberlin  increased  the  bean  yield  of  a 
garden  from  85  to  125  kilograms.  Upon  what  does  this  action  depend? 
The  answer  is  not  simple.  Professor  Henry,  of  Nancy,  has  begun  inves- 
tigations regarding  it,  and  found  that  the  Robinia  produced  three  times 
as  much  organic  material  where  it  was  used  as  without  it,  and  that  this 
increased  growth  appeared  in  the  branches  and  not  in  the  foliage. 
Henry  considers  carbon  bisulphid  very  valuable  to  increase  the  fer- 
tility of  seed-beds,  and  in  afforestation  in  mountainous  districts  to 
bring  about  a  rapid  strengthening  of  the  transplants. 

Our  experience  confirms  this.  The  untreated  spruce  have  hardly  grown, 
while  the  treated  plants  grew  vigorously. 

We  draw  the  following  conclusions : 

1.  Carbon  bisulphid  increases  the  fertilit}'  of  the  nursery  and  par- 
tially kills  the  insects,  resulting  in  a  lessening  of  the  gnawing  by  the 
larvae.     Both  work  together  and  make  the  plants  more  resistant. 

2.  The  material  works  best  in  doses  of  40-50  grains  per  square  meter, 
distributed  and  injected  in  6-8  openings.  Freshly  plowed  soil  should 
not  be  treated;  neither  should  soil  be  cultivated  immediatelv  after  the 
treatment.  Soil  that  is  too  dry  or  too  wet  is  not  suited  for  the  treat- 
ment.    Injections  should  not  be  made  deeper  than  15  centimeters. 

It  would  be  interesting  to  carry  on  new  experiments  with  the  treat- 
ment in  places  where  carbon  bisulphid  has  not  been  applied  up  to  this 
time.  These  will  be  carried  on  at  Parzin.  The  forest  experiment  station 
would  like  to  begin  investigations  within  the  sphere  of  the  Bern  flight- 
years  (1909,  1912,  etc.),  if  the  property-owners  concerned  would  offer 
the  opportunity. 

Zurich,  February,  1912. 
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FINDING  THE  FOREST  PBi  CENT  * 

The  cracial  question^  upon  the  answer  to  which  depends  the  application 
of  private  forestry  is,  'TVTiat  rate  of  interest  shall  I  receive  if  I  invest 
my  money  in  the  growing  of  timber  T''  And  this  question  must  be  an- 
swered by  the  forester  who  attempts  to  show  that  it  will  pay  to  grow  a 
species  for  lumber  and  other  forest  products. 

Any  one  who  has  worked  out  problems  of  this  kind,  especially  if  he 
has  not  had  the  advantage  of  using  a  calculating  machine  of  some  kind, 
will  admit  that  a  great  deal  of  arithmetic  must  be  gone  through  to 
arrive  at  final  results.  These  results,  too,  are  often  stated  in  an  unsatis- 
factory way.  For  example,  it  has  been  stated  that  white  pine  on  a 
60-year  rotation  will  return  4  per  cent  and  $216.32,  or  6  per  cent  and 
$90.17,  or  6  per  cent  and  — $114.30,  the  additional  sums,  being  termed 
"net  profits"!  •  Since  the  calculations  at  5  per  cent  show  a  positive  net 
profit  and  those  at  6  per  cent  a  negative  one,  it  follows  that  somewhere 
between  6  per  cent  and  6  per  cent  there  is  a  rate  of  interest,  the  forest 
per  cent,  which  if  used  in  the  calculations  would  show  a  net  profit  of 
zero.  This  forest  per  cent  then  would  be  the  actual  rate  of  interest 
received  by  the  investor  on  the  capital  invested.  If  it  could  be  de- 
termined that  in  this  case  the  forest  per  cent  is  6.5  for  a  60-year,  6.3 
for  a  66-year,  and  7.0  for  a  50-year  rotation,  would  it  not  be  much 
simpler  to  state  the  facts  in  this  way  than  to  bring  in  various  "net 
profits"  at  various  per  cents  at  each  rotation?  It  is  the  object  of  this 
paper  to  explain  a  short  method  of  determining  the  forest  per  cent  and 
thus  make  possible  a  clear,  concise  statement  in  regard  to  the  returns  to 
be  expected.     Incidentally  it  may  be  added  that  "net  profit* *  is  a  very 


♦  "The  rate  of  interest  yielded  by  the  capital  invested  in  forestry,  (is)  here 
called  the  'forest  per  cent* "    Schlich's  Manual  of  Forestry,  vol.  Ill,  chap.  VI. 

t  "Handbook  on  Forest  Mensuration  of  the  VThite  Pine  in  Massachusetts", 
by  Harold  O.  Cook,  under  the  direction  of  F.  W.  Rane,  State  Forester,  State 
House,  Boston,  Mass. 
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unfortunate  term  to  use  in  this  connection.  What  is  called  a  net  profit 
here  is  only  part  of  the  net  profit^  and  might  better  be  called  a  premium. 
The  term  "premium^'  will  therefore  be  used.  The  net  profit  in  any 
transaction  is  the  difference  between  the  gross  receipts  and  the  gross 
expenditures.  If  I  invest  $100  and  at  the  end  of  a  year  receive  $105 
I  have  made  a  net  profit  of  $5,  or  5  per  cent.  If  I  expect  to  receive 
$106  and  instead  receive  $107,  the  additional  $2  is  not  net  profit,  but 
corresponds  to  the  premium  mentioned  above.  The  real  net  profit  is  $7. 
If  I  receive  only  $100.01  at  the  end  of  a  year,  there  is  still  a  net  profit 
of  one  cent.  The  confusion  in  the  case  of  forest  calculations  is  caused 
by  the  fact  that  in  order  to  find  the  cost  of  a  forest  at  the  end  of  the 
rotation  it  is  necessary  to  assume  a  rate  per  cent  with  which  to  calculate 
that  part  of  the  cost  represented  by  annual  expenses.  If  the  actual  cost 
without  interest — that  is,  the  sum  of  all  disbursements — is  less  than 
the  selling  price  at  the  end  of  the  rotation,  there  will  be  a  net  profit. 
The  determination  of  the  forest  per  cent  from  these  figures  is  an  entirely 
different  matter. 

Take  another  example — cottonwood  along  the  Mississippi  with  a  35- 
year  rotation.  Assuming  certain  costs  of  land,  planting,  and  so  on,  the 
premiums  are  as  follows : 

With  interest  at  6  per  cent  the  premiimi  is  +  $51.50 
With  interest  at  7  per  cent  the  premium  is  +  13 .  57 
With  interest  at  8  per  cent  the  premium  is  —    37 .  81 

Plotting  these  values  and  drawing  a  curve  through  them,  we  get  the 
result  shown  on  page  364. 

Examining  this  cune,  it  will  be  seen  that  as  the  rate  per  cent  in- 
creases the  premium  decreases.  At  about  7.3  per  cent  it  crosses  the 
zero  line,  and  from  that  point  on  the  premium  is  a  minus  quantity.  In 
other  words,  the  investment  yields  7.3  per  cent.  To  check  this  result  all 
the  costs  were  recalculated,  using  7.3  per  cent  compound  interest,  and 
the  result  was  a  premium  of  $0.13. 

This  method  gives  results  which  will,  I  believe,  always  be  accurate  to 
the  nearest  tenth  of  a  per  cent,  and  this  is  close  enough  for  all  practical 
purposes. 

To  sum  up,  then,  the  use  of  this  method  makes  it  possible  to  determine 
the  forest  per  cent  to  the  nearest  tenth  of  a  per  cent  with  practically 
no  more  expenditure  of  time  than  is  required  to  determine  it  to  the 
nearest  per  cent,  and  it  at  the  same  time  eliminates  the  need  of  bringing 
in  the  confusing  premium  or  "net  profit." 
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RATE -PER  CENT 


II 


CAPITAL   IN   FORESTRY 

It  will  be  noticed  that  the  ordinary  method  of  calculation  assumes 
that  when  thinnings  are  not  considered  the  capital  invested  consists  of 
the  sum  of  the  value  of  the  land,  the  cost  of  fonnation,  and  the  annual 
expenses  discounted  to  the  beginning  of  the  rotation.  This  is  open  to 
the  objection,  pointed  out  by  W.  D.  Sterrett,  that  it  is  preferable  not  to 
capitfdize  the  annual  expenses  of  growing  timber,  and  that  taxes  and 
expenses  of  protection  and  administration  should  be  paid  out  of  gross 
receipts,  just  as  the  coal  bills  of  a  railroad  arc.     It  is  true  that  the  re- 
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turns  of  any  particular  planted  acre  are  not  realized  for  a  considerable 
period^  but  this  state  of  affairs  is  not  found  under  forest  management. 
It  should  be  assumed  that  in  a  forest  there  are  enough  stands  so  that 
all  age  classes  are  represented.  Equal  annual  returns  naturally  follow. 
With  a  yearly  income  the  annual  expenses  will  of  course  be  paid  out  of 
the  gross  yearly  receipts.  Why,  then,  shoidd  the  capital  be  watered 
enough  to  pay  operating  expenses  for  the  whole  rotation  ? 

The  amount  of  the  actual  capital  invested  is  measured  by  the  money 
required  to  pay  for  the  land  and  the  formation  of  the  stand.  Compar- 
ing a  forest  with  a  factory,  the  land  with  its  trees  corresponds  to  the 
land  and  the  factory  buildings  and  machinery;  the  taxes  and  expenses 
of  protection  and  administration  correspond  to  the  taxes,  the  wages  of 
employees,  the  cost  of  fuel  and  other  supplies,  and  similar  expenses ;  the 
amount  charged  off  against  the  cost  of  formation  corresponds  to 
the  money  applied  to  the  sinking  fund  to  replace  the  buildings  and 
machinery. 

If,  then,  the  capital  is  represented  by  the  cost  of  the  land  and  that 
of  formation,  how  shall  the  forest  per  cent  be  determined  ?  If  a  capital 
of  $1  becomes  at  the  end  of  20  years  $3.21,  it  follows  that  the  interest 
rate  was  6  per  cent  compounded  annually.     This  is  obtained  by  using 

the  formula  p  =  100  I    ^C  +  c  —  1    L  in  which  p  =  the  rate  per  cent, 

C  =  the  original  capital,  c  =  the  net  profit  at  the  end  of  the  period,  and 
n  =  the  number  of  years  in  the  period. 

In  the  case  of  the  forest,  let 

S  =  the  value  of  the  stumpage  per  acre. 
L  ==  the  value  of  the  land  per  acre, 
p  =  the  cost  of  formation  per  acre. 

A  =  the  annually  recurring  expenses,  with  interest  at,  say  6  per  cent, 
carried  through  to  the  end  of  the  rotation. 

n  =  the  number  of  years  in  the  rotation. 

p  =  the  rate  per  cent. 

Then,  in  the  formula  above,  C  =  L  +  F 

c==S  — F  — A 


or,  substituting  p  =  100      JS  +  L  — A  -  i 

L^     L  +  F  J 
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